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W2NSD/1 

NEVER SAY DIE 

editorial h>y Wayne Green 



The response to my editorial 
asking for letters from hams in¬ 
terested in a DXpedition to Tai¬ 
wan has been underwhelming. 
One. 

I visited Tim Chen BV2A, the 
only licensed amateur on Tai¬ 
wan, In October and he is still 
enthusiastic. He says that the 
government will cooperate if 
there are any Americans inter¬ 
ested in operating from this very 
rare country for a few days. 

I was looking at this DXpedi- 

would be any interest in 73 orga¬ 
nizing a series of DXpeditions to 
the rarer countries. I had in mind 
DXpeditions with about a dozen 
hams so we would be able to op¬ 
erate stations around the clock 
for about four days In each spot. 
This would make most trips last 
about a week —allowing one 
day to get there, one to set 
things up, four days to operate, 
and one to get home. 

By running a series of DXpedi¬ 
tions. 73 would be able to assign 
one ham full-time to organizing 


the efforts, going along to help 
with the formalities, and setting 
up the stations. A second ham 
would be in charge of the filming 
and videotaping of the DXpedi¬ 
tion. as well as the PR for it, na¬ 
tionally and internationally. 

Such a DXpedition series 
could generate considerable in- 


zines and newspapers. 

Indeed, we need something 
dramatic such as this if the hob¬ 
by is going to survive. I doubt if 
you realize how far down the 
new ham numbers have sunk. 
Just this year we've dropped 
from almost 3.000 new hams a 
month to about 700. If the curve 
of new licensees of the last two 
years continues as it has. we 
will reach zero per month in 
1986. 

While we have had a slight 
growth In the number of total li¬ 
censed hams in the last twenty 
years, surveys indicate that 
much of this is due to the li¬ 
cense being free and running for 
five years. The number of active 
American hams has dropped by 
about 46% in twenty years. We 
sure need something! 

A series of well-publicized DX¬ 
peditions could conceivably 
generate interest in the hobby. I 
estimate that it would cost 
about $3,000 for each of a dozen 
hams going on the trip to make 

Continued on page 72 




Here is the group of hams that got together for dinner in Hong Kong 
in October—about a dozen VS6 and a dozen US hams. 


sure on television and in maga- 
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WARC Wish? 


THE WARCS ARE COMING! The FCC has 
released a Notice of Proposed Rulemaking 
(PR Docket 84-960) that details the imple¬ 
mentation of our new allocations. Here's 
what they've got in mind. 

• 30 METERS: Amateurs with a General- 
class license or above will have 10.100 to 
10.150 MHz available for CW or RTTY, with 
no special power limitation. Effective Imme¬ 
diately, the 10.109 to 10.115 “window" no 
longer exists. Remember, you're still al¬ 
lowed only 200 Watts PEP on this band. 

• 17 METERS: Forget about the 18.068- 
18.168 segment for a while. The FCC says 
that access to this band will not be avail¬ 
able until 1989. 

• 12 METERS: Things are a bit brighter for 
the 24.890 to 24.990 allocation. The Nation¬ 
al Telecommunications and Information 
Administration (NTIA) says that shared use 
of the band by amateurs with government 
fixed stations would not be a problem. The 
Commission would like to open this band 
as soon as possible. Right now. the band 
plan looks like this: 24.890-24.930 CW/RTTY 
and 24.930-24.990 CW/SSB. Amateurs with 
a General or higher license will be allowed 
to operate on 12 meters, with no special 
power restrictions. 

Remember, these are just proposals— 
with the exception of 30 meters, you can't 
use these new frequencies until the FCC 
issues a final Report and Order. Watch 
"QRX" for further details. 

Megachamp! 


OUTRAGEOUS is the word that came to mind 
when I opened a letter from John Kanzius 
K3TUP. John has won 73's 40-meter SSB 
Championhip for two years running, and he 
wanted us all to see why. The antenna in the 
photograph is a KLM 4-element monoband¬ 
er. I don't want to know how high it is! What 
isn’t shown is the rest of the farm: 6 over 6 
on 10 and 15 meters, 6 over 5 on 20 meters, a 
4-element phased vertical array for 80 me¬ 
ters, and a W1CF quarter-wave sioper on 
160 meters! For the curious, John says that 
the aluminum is .9 wavelengths high for the 
lower antennas and 2.25 wavelengths up for 
the rest! Feeding all of this are a pair of Ken¬ 
wood TS-930Ss, a Rockwell KWM-380, and 
an Alpha 77D. Any more questions? 

220 Vote! 


TWO VERY IMPORTANT VOTES are due 
soon from the FCC. The first involves the 
LMCC petition for additional spectrum in the 
land-mobile service. The inside scoop is that 


LMCC will not receive any allocation in the 
800-MHz reserve, and that leaves chunks of 
220 MHz up for grabs If this vote goes 
against amateur radio, it will mean an NPRM 
aimed at an orderly transition to commercial 
interests on this band. The other vote con¬ 
cerns the highly-touted Personal Radio Com¬ 
munication Service (PROS), which seemed 
to be a low-cost alternative to cellular 
telephone. General Electric, which already 
has invested millions of dollars in research 
and development, decided to table their ef¬ 
forts early last week. This clears the way for 
the Commission to lay PRCS to rest. 

Head Ham 


RAJIV GANDHI, Prime Minister of India, is 
also VU2RG! His Excellency is not the only 
ham in the Gandhi family— Sonia Gandhi. 
Rajiv's spouse, holds VU2SON. How long 
will it be before we hear a "heads of state" 
net on 20 meters? 

Log lam 


ON THE DX FRONT, there's bad news from 
Africa. What used to be XT Upper Volta is 
now XT Burkina Faso. The bad news is 
that the new name doesn't fit the "QTH” 
column in the logbook! From Gus Brown¬ 
ing's DX’ers Magazine comes word of an ex¬ 
pedition to ZA Albania, and the word Is, 
"Don’t hold your breath..." According to 
Gus. several DL stations are trying to gain 
permission to operate. Including DJ0UJ, 
but chances are less than slim that govern¬ 
mental blessings will be Issued. The DX'ers 
Magazine Is a good way to stay on top of the 



K3TUP's monster aluminum. 


changing DX scene, and you can reach Gus 
at PO Drawer DX. Cordova SC 29039. 

Packet Draft 


A NATIONAL PACKET REGISTRATION PRO¬ 
GRAM is underway through the auspices of 
the Central Illinois Packet Radio User Soci¬ 
ety (CIPRUS). These folks are trying to 
create a list of every packet-radio enthu¬ 
siast In the country. If you are active on this 
mode, please send the following informa¬ 
tion to CIPRUS: callsign, name, address, 
and miscellaneous information (digipeater, 
mailbox, grid locater, etc.). Mail this, along 
with a very large SASE, to CIPRUS, PO Box 
4143. Peoria IL 61607. This kind of service 
does not come cheaply. According to Greg 
Smith N9AGC, “ we will not turn down 
any donations toward paper costs that you 
would care to make." 

Form Fact 


A NEW FORM 610 is being passed out by 
the FCC. It reflects the changes in the test¬ 
ing structure and includes spaces for VE 
certification. Your local VEC or the FCC can 
supply you with a copy. 

Digital Paper? 


THE FOURTH ARRL Radio Computer Net¬ 
working Conference will be held in San 
Francisco, California, on March 30, 1985. 
Technical papers are being solicited on all 
aspects of amateur digital communica¬ 
tions, including packet switching, meteor 
scatter, and satellite systems. Topics may 
include network architecture, proposed 
standards, hardware/software, protocols, 
modulation and encoding schemes, appli¬ 
cations. and practical experience. The 
deadline for camera-ready manuscripts is 
March 1. 1985. Papers should be mailed to 
Marian Anderson WB1FSB, ARRL 225 Main 
Street, Newington CT 06111. If you plan to 
present a paper, you should request an 
author's kit and identify the title of your pro¬ 
posal as soon as possible. 

!COM i They Go 

AFTER READING IN “QRX” that 73 had 
moved to plush new offices, ICOM America, 
Inc., decided to do the same. They’ve built a 
beautiful new 40,000-square-foot corpo¬ 
rate headquarters in Washington State. 
The new address is: ICOM America, Inc., 
2380-116 Avenue NE, Bellevue WA 98004. 
I've seen a picture—the building looks like a 
giant IC-02AT lying on its side! 
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lohn L. Rehak N6HI 
8701 MacAlpine Road 
Carden Grove CA 92641 


Eight Mods for the IC-730 

Customize your ICOM! Snip here 5 , 
solder there, and enjoy perfection. 


I have owned my ICOM 730 
for over two years now, 
and I am still continually im¬ 
pressed with the high perfor¬ 
mance of this fine example 
of modern technology! 
However, I am a perfection¬ 
ist, and I honestly don't 
think it is very likely that any 
manufacturer will ever 
create a rig that would be 
"perfect" for my tastes. 
They all seem to overlook 
one or two things, but they 
are getting closer all the 
time! 

I have always found that 
the best way to obtain the 
perfect ham rig (or anything 
else) when it is not readily 
available is to take the clos¬ 
est available thing and 
adapt it to suit my individu¬ 
al requirements. With that 
thought in mind, I proceed¬ 
ed to design and install sev¬ 
eral easy modifications for 
the IC-730 that I feel have 
enhanced its "proximity to 
perfection." I will describe 
each modification separate¬ 
ly to give you the opportuni¬ 


ty to consider each on its 
own merits. You then can 
determine whether to add 
any of these enhancements 
to your own IC-730. None of 
the modifications is difficult 
to accomplish, and some 
are almost no work at all! 

Sidetone-Pitch Control 

The IC-730 does not in¬ 
clude a control to adjust the 
pitch of the internal CW 
sidetone oscillator. I consid¬ 
er this an essential feature 
because in my home station 
I frequently use narrow ac¬ 
tive audio filters for en¬ 
hanced CW reception. If the 
pitch of the sidetone oscilla¬ 
tor in the 730 does not just 
happen to match the center 
frequency of any external 
audio filter you are using, 
the sidetone will be lost for¬ 
ever in passing through the 
audio filter, requiring you to 
switch the filter in and out 
each time you change be¬ 
tween transmit and receive! 

An extremely simple mod¬ 
ification will allow you to 


add a convenient sidetone- 
pitch control that can be ad¬ 
justed by turning a control 
inside the hatch cover on 
the top which allows access 
to the auxiliary controls. Ad¬ 
justing this new control will 
allow you to match the side- 
tone pitch easily to any ex¬ 
ternal filter you are using. 

To create this new side- 
tone-pitch control, simply 
remove the fixed resistor, 
R109, on the main circuit 
board (refer to the ICOM 730 
operating manual) and re¬ 
place it with a 20k subminia¬ 
ture trimmer. Component 
spacing is a bit tight, so this 
will require a very small 
trimmer. 

The new tone-adjust con¬ 
trol is not only useful if you 
are using external audio fil¬ 
ters; it is also very conve¬ 
nient to be able to vary the 
audio pitch to suit individu¬ 
al operator preferences. 
Changing the pitch from 
time to time can help re¬ 
duce operator fatigue dur¬ 
ing long periods of CW oper¬ 
ation. 

Improved Sidetone 
Oscillator 

Although the sidetone- 
pitch control described 
above does solve the prob¬ 
lem of adjusting the side- 
tone-oscillator pitch, there is 
another characteristic of the 
IC-730 sidetone oscillator 
that bugged me: The stock 
sidetone-oscillator circuit 
produces an irritating click 


on make-and-break during 
CW keying. This apparently 
is caused by the clamping 
action of transistor Q16 in 
the sidetone circuit 

After several unsuccess¬ 
ful attempts to modify the 
oscillator circuit to correct 
this, I came to the conclu¬ 
sion that perhaps the best 
approach would be to aban¬ 
don ICOM's oscillator cir¬ 
cuit completely and design 
a new circuit that would 
produce the desired clean¬ 
sounding sidetone with no 
annoying clicks. To create 
this circuit, I borrowed on 
one of my earlier efforts, a 
code-practice oscillator cir¬ 
cuit (see "The Penultimate 
CPO," 73 , September, 1980), 
and modified it to be con¬ 
trolled by the ICOM 730 key¬ 
ing circuits. 

Fig. 1 is a schematic dia¬ 
gram of the improved side- 
tone-oscillator circuit. It re¬ 
quires that only four con¬ 
nections be made to the 730. 
I constructed this audio-os¬ 
cillator circuit on a small 
piece of perfboard and in¬ 
stalled it under the hatch 
cover on the rig's top. This 
location allows you to ad¬ 
just the circuit's pitch and 
output volume easily. 

The procedure for install¬ 
ing the new oscillator is as 
follows: First, locate green 
jumper wire F on the main 
circuit board and cut it near 
the end that is near transis¬ 
tor Q16. Tape over the Q16 
end and tuck it aside. The 



10 73 Magazine • January, 1985 




four 


connections for the 
new circuit may now be 
made: 

• The +dc power connec¬ 
tion goes to control line 
CW8, available at pin 4 of 
J13 on the main circuit 
board. 

• The ground connection 
goes to SPE, the speaker 
ground, available at pin 2 of 
J18 on the main circuit 
board. 

• The keying connection 
goes to KEY line, available 
at pin 3 of J18 on the main 
circuit board. 

• The output connection 
goes to either end of resistor 
R114 on the main circuit 
board. 

To adjust the new side- 
tone oscillator, proceed as 
follows: Key down (dummy 
load, please!) and adjust the 
FREQ control to 750 Hz or 
your preferred pitch. Then 
adjust the FILTER control to 
the same frequency by ad¬ 
justing it for the loudest and 
clearest-sounding output 
tone. Last, adjust the LEVEL 
control for the desired out¬ 
put volume. 

Although the improved 
sidetone-oscillator circuit is 
a bit more work than the 
other modifications in this 
article, I'm sure that if CW 
operation is one of your main 
interests, you will agree that 
the beautiful clean-keyed 
sine wave that this oscillator 
circuit produces is worth the 
extra work! 

Improved CW- 
Filter Switching 

When both the FL-45 CW 
crystal filter (500 Hz) and the 
EX-203 active audio filter 
options are installed, the 
stock filter-switching ar¬ 
rangement that ICOM de¬ 
signed seems backwards: It 
works out so that when you 
are in either CW mode (CW 
or CW-n, the narrow posi¬ 
tion), the 150-Hz-wide EX- 
203 audio filter is switched 
in, but the 500-Hz-wide FL-45 
filter is switched in only in 
the CW-n position. 

If you stop and think 
about this, I'm quite sure 
you will agree that it doesn't 


seem to make much sense 
to leave a 150-Hz-wide filter 
in the circuit and switch a 
500-Hz filter in and out; the 
exact opposite makes much 
more sense: Leave the 500-Hz 
filter in the circuit in both 
CW mode positions and add 
the 150-Hz active audio fil¬ 
ter into the circuit only in 
the narrow CW position. 

Fortunately, the 730 is 
"cold switched." This means 
that rather than actually re¬ 
routing signals directly 
through front-panel switch 
contacts, most 730 panel 
switches actually switch a 
dc control voltage which 
controls signal routing on 
the boards. To rewire the 
730 to allow for the improved 
CW-filter switching, proceed 
as follows: 

• Remove the green wire 
from pin 1 of plug P-1 which 
"hangs" off the EX-203 filter 
board and carefully fish it 
out of the short cable into 
which it is harnessed. Let 
this green wire hang free for 
now, and mount the EX-203 
as per ICOM installation in¬ 
structions. 

• Locate the two wires, 
green and blue, coming 
from P-6, plugged into J4 on 
the second i-f board. Cut 
both these wires at the point 
where they pass behind the 
center of the S-meter. The 
short end of the blue wire 
may be taped at the end and 
discarded. (Tuck into nearby 
wiring.) The short green wire 
should be connected via a 
length of insulated wire (pref¬ 
erably green) to the green 
wire which you pulled out 
Tape over all connections to 
prevent possible shorts. 

• Two wires are left to con¬ 
nect: the long blue and the 
long green. Splice the long 
green to the white wire com¬ 
ing from pin 1 of J1 on the 
detector board. 

• Splice the long blue to 
the red wire coming from 
pin 4 of J1 on the detector 
board. Again, tape over all 
spliced connections. 

Improved Audio- 
Filter Operation 

My EX-203 active audio 


CW filter, as supplied, rings 
and adds audio distortion. 
To tame it down, I replaced 
both resistors R2 and R9 
(originally 560k) with 270k 
resistors. This cleaned things 
up nicely and provided near¬ 
ly equal audio-output level 
from a centered signal wheth¬ 
er the filter is switched in or 
out. 

After the resistors have 
been changed, re-peak the 
two filter stages by adjusting 
R7 and R14 trimmer poten¬ 
tiometers on the EX-203 
board for maximum output 
with a 750-Hz audio note, 
with the rig in the narrow 
CW mode and a medium- 
strength carrier received. 

I believe that optimum 
adjustment of an audio filter 
is somewhat a matter of in¬ 
dividual taste. If you wish to 
experiment with the charac¬ 
teristics of the EX-203 audio 
filter, you will find that (1) 
overall gain can be adjusted 
by changing the value of re¬ 
sistors R1 and R8, (2) band¬ 
width can be adjusted by 
changing the value of resis¬ 
tors R2 and R9, and (3) cen¬ 
ter frequency may be ad¬ 
justed by varying the value 
of resistors R7 and R14. All 
these values interact some¬ 
what, so you may have to 
play with resistor values 
awhile to get exactly the 
characteristics you prefer. 

Panel-Lamp Brilliance 

The panel-meter illumina¬ 
tion from the S-meter on the 
730 is very bright, and I 
found that to be distracting 
during mobile operation. It 
was so bright that it made 
me squint when I looked at 
it, and it seemed to disturb 
my night vision. Fortunately, 
there is an extremely simple 
fix for this problem: Simply 
break the path of the source 
wire that feeds dc to the 
S-meter lamp and insert a 
24-Ohm, 1/2-Watt resistor in 
series with it. Tape over any 
exposed connections to 
avoid potential shorts later. 

The S-meter lamp will 
now glow a mellow yellow 
color, much dimmer than 


the stock configuration but 
still plenty bright enough to 
read the meter very easily. A 
bonus is the much-pro¬ 
longed bulb life you may 
now expect due to the lower 
bulb current. 

Auto Memory Hold 

The 730 has two vfo fre¬ 
quency memories plus a 
memory for each band. Un¬ 
fortunately, whenever you 
turn the power off, all mem¬ 
ories are lost. During mobile 
operation, this means that if 
you turn the rig off when 
you leave the car, you will 
have to reprogram all the 
memories when you return. 
A simple modification will 
allow the 730 to keep its 
memories alive even when 
the rig's power switch is off, 
so long as the rig remains 
connected to a source of 
+12-volt-dc power. To im¬ 
plement this change, pro¬ 
ceed as follows: 

• Remove the red wire 
plugged into jack J8 on the 
logic unit. 

• Cut the plug off this red 
wire and set it aside. Tape 
over the end of the red wire 
so that it cannot short to 
anything and hide it away in 
a group of nearby wires. 

• Solder a 10-inch wire to 
the top-rear terminal of the 
power switch. Route this 
wire along any convenient 
cable bundle to jack J8 on 
the logic unit. 

• Solder the plug that was 
cut from the red wire to the 
free end of the new power- 
switch wire (discarding any 
excess length) and plug it in¬ 
to J8 on the logic unit. 

Both vfo frequencies and 
all band memories will now 
be held in memory as long 
as dc power remains sup¬ 
plied to the rig's main power 
connector. Current drain 
when the rig is turned off 
will be about 18 mA—not a 
significant drain on your car 
battery, and a small price to 
pay to avoid the nuisance of 
having to reprogram memo¬ 
ries every time you return to 
your car! 

This modification comes 
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Fig. 2. Adding up/down tun¬ 
ing to the ICOM 730. 


with a free bonus: The mem¬ 
ory jack on the rear of the rig 
now connects to nothing, so 
you may feel free to use it 
for any desired spare func¬ 
tion via the taped red wire 
that was cut from the J8 
plug. 

Up/Down-Tuning 

Microphone 

I must admit it: I have 
tried ICOM's own optional 
up/down-tuning mobile mi¬ 
crophone for the 730 and I 
didn't like it for two impor¬ 
tant reasons. First, it has a 
very uncomfortable box 
shape, the feel of which I did 
not care for, and second, the 
push-buttons are too hard to 
push—and especially to 


hold down for the prolonged 
period of time required to 
scan across a band. 

I solved this problem by 
carefully removing the mi¬ 
crophone cartridge and pre¬ 
amplifier from the hand¬ 
held microphone supplied 
and carefully repackaging 
them into a microphone I 
liked better (that had the 
necessary push-buttons for 
up/down tuning). This pre¬ 
served the exact audio char¬ 
acteristics of the original 
stock microphone yet al¬ 
lowed for up/down tuning 
from the microphone—a 
great convenience for mo¬ 
bile operation. 

The up/down-tuning func¬ 
tion is actually already im¬ 
plemented in the 730. To use 
it, you must wire up your mi¬ 
crophone switches as shown 
in Fig. 2, adding a 470-Ohm 
resistor for up/down control. 

Cooling-Fan Control 

The 730's cooling-fan cir¬ 
cuit has two modes of opera¬ 
tion. First, the fan runs at low 


speed at all times when in 
the transmit mode (push-to- 
talk operated, key down, or 
transmit switch depressed). 
Second, high-speed fan op¬ 
eration occurs when the 
heat-sink temperature ex¬ 
ceeds approximately 75 
degrees Celsius, a condition 
which triggers a thermal 
switch, causing the fan to 
run at high speed during 
both transmit and receive 
until the heat sink cools 
back down. 

There really are times, 
however, when it is not nec¬ 
essary to have the fan run¬ 
ning at all, such as during 
periods of QRP operation or 
whenever the transmit pow¬ 
er or duty cycle is low. A 
switch can be installed that 
will allow you to bypass the 
fan in its low-speed mode. 
This will save battery power, 
eliminate unnecessary fan 
noise, and prolong fan life. 

To provide a switch selec¬ 
tion of fan operation on 
transmit but still leave the 
emergency mode of fan op¬ 


eration on overheat, simply 
lift one end of resistor R24 
on the power-amplifier board 
and insert an SPST switch in 
series. A common mini-tog¬ 
gle switch will fit perfectly 
in the hole left in the rear- 
chassis panel if J5 (the mem¬ 
ory backup jack) is removed. 
(This jack is not used any¬ 
way if you have done the 
Auto Memory Hold modifi¬ 
cation in this article.) My 
new switch is labeled "Fan 
Normal/QRP." 

All of the modifications 
described in this article have 
been in my 730 for at least 
one year now, with abso¬ 
lutely no ill effects ob¬ 
served. I feel that they have 
significantly enhanced the 
capabilities of my mobile 
and CW operations. I hope 
you will find some of them 
to be useful improvements 
to your own 730 operations. 
Perhaps they will even help 
you get a step or two closer 
to having your own ulti¬ 
mately perfect rig for your 
own style of operation. ■ 


State of the Art Kits by Hal-Tronix, Inc. 
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VIC RAMification: Part I 

Here's how to turn 3 ICs and half an hour 
into 24K of extra VIC-20 memory. 


Cary P. Breiini 
12 Bailey Street 
Foxtmro MA 020 IS 

E xtra memory for a VIC- 
20 is a nice luxury, par¬ 
ticularly when you have 
just finished editing a pro¬ 
gram but find that there 
are not quite enough mem¬ 
ory locations for those 
DIM statements. This hap¬ 
pened to me recently while 
preparing a VIC-20 Basic 
program to design yagi an¬ 
tennas. The solution is, natu¬ 
rally, more memory. But 
how? This article will show 


you how to completely fill 
the three 8K blocks of allo¬ 
cated RAM for the VIC-20 
using only 3 ICs, 3 capaci¬ 
tors, a mother board, and 
some wire. Your construc¬ 
tion effort will be worth it 
when your video monitor, 
after power-up, reads: 
"28159 BYTES FREE." 

The VIC-20 Programmer's 
Reference Guide 1 explains 
the memory map for the 
VIC-20, so I will not go into 
detail about it. However, 
the VIC does have two 
areas in which to add addi¬ 
tional memory: a 3K space 


from addresses $0400 to 
$0FFF and a 24K section 
from addresses $2000 to 
$7FFF When the 24K ex¬ 
pansion area is used, Basic 
cannot reside in the small¬ 
er 3K area. The memory ex¬ 
pansion project in this arti¬ 
cle is designed to fill the 
larger 24K area. 

The 24K area is composed 
of three contiguous 8K 
blocks. Block #1 resides in 
locations $2000 to $3FFF, 
block #2 resides in locations 
$4000 to $5FFF, and block 


#3 is located in memory at 
$6000 to S7FFF. Filling these 
locations gives the Basic 
programmer an additional 
24K of usable Basic on top 
of the factory-installed 
memory of the VIC-20, 
which is 5K bytes. When the 
24K memory is installed, the 
VIC's kernel program re¬ 
adjusts "locations of various 
housekeeping routines, such 
as the screen buffer, so that 
a large contiguous area of 
available RAM is dedicated 
to the programmer, 




Photo A. Top view of the completed memory-expansion Photo B. Underneath the memory board. Point-to-point sol- 
board. dering was used in lieu of yvire-wrapping. 
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Board Design 

Any memory expansion 
for the VIC must be done via 
the 22/44-pin expansion port 
at the right rear of the key¬ 
board case. This connector 
is an industry standard card- 
edge connection, so locat¬ 
ing a mother board is no 
problem. I chose the Radio 
Shack 276-154A board. This 
is a 3-voltage-source plug-in 
board with a 22/24-pin card- 
edge connector. 

The next step was the se¬ 
lection of the actual ICs to 
be used for the memory. I 
had previously built a 3K ex¬ 
pander using 2114 RAM 
chips. These RAM chips are 
4K-bit devices arranged as 
IK of half bytes or nibbles. 
Each 1K byte of memory re¬ 
quires a pair of 2114s. It was 
a lot of point-to-point wiring 
for that 3K board. Granted, 
it was fun and only took 3 
hours to build, but a 24K 
RAM board constructed out 
of 2114s would need 48 ICs! 
So I decided to look around 
at available high-density 
static RAM chips. I found 
that Hitachi makes a 64K-bit 
device (HM6264) arranged 
as 8K by 8 bytes. Perfect! All 
that is required is 3 of these 
beauties and my VIC would 
be fully populated with 
memory. 

Fig. 1 shows the schemat¬ 
ic for the 24K-byte RAM 
board that plugs directly in¬ 
to the expansion port. Using 
the HM6264 RAMs makes 
the interfacing to the port 
simple, since no additional 
bus buffering is required. 
That's due to the on-chip tri¬ 
state buffers and the fact 
that each chip can be select¬ 
ed by lines already available 
at the VIC's port without 
decoding logic. Each chip 
draws only 40 milliamps, 
which is no problem for the 
VIC's built-in power supply. 

The circuit is fairly straight¬ 
forward. Each HM6264 1C 
has the address, data, and 
write-enable lines tied in 
parallel. Only the chip-se¬ 
lect lines are uniquely con¬ 
nected to the card-edge con¬ 
nector. Note that there are 
two chip-select lines on 


each HM6264. Pin 20 is the 
inverted chip select and pin 
26 is the non-inverted chip 
select. 


Pin 26 is used if one de¬ 
sires a power-down opera¬ 
tion. If not, pin 26 should be 
tied high to +5 volts. I 


chose the latter option. This 
leaves the inverted chip-se¬ 
lect line, pin 20, of each 
HM6264 to be tied individu- 



Fig. 1. Schematic of 24K RAM circuit. 
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Pin # Type 

1 GND 

2 CDO 

3 CD1 

4 CD2 

5 CD3 

6 CD4 

7 CD5 

8 CD6 

9 CD7 

10 BLK1 

11 BLK2 

12 BLK3 

13 BP<5~ 

14 RAMI 

15 RAM2 


Pin # Type 

16 RAM3 

17 VR/W 

18 CRM/ 

19 IRQ 

20 NC 

21 +5V 

22 GND 

A GND 

B CAO 

C CA1 

D CA2 

E CA3 

F CA4 

H CA5 

J CA6 


Pin # Type 
K CA7 

L CA8 

M CA9 

N CA10 

P CA11 

R CA12 

S CA13 

T 1/02 

U 1/03 

V S02 

W NMI 

X RESET 

Y NC 

Z GND 


10 REM: 24K MEMORY DIAGNOSTIC ROU1 
20 REM: G.P. BREFTNI JUNE 1984 
30 PRINT 

40 PRINT "INPUT START ADDRESS IN ' 
50 PRINT " ": PRINT "INPUT END ADI 
60 PRINT "DECIMAL?": INPUT A2 
70 FOR I=A1 TO A2 

80 PRINT "POKING AT MEMORY ADD# 
90 POKE 1,0 
100 NEXT I 

110 PRINT "»>»> END POKE ««<<’ 

120 SUM=0.0 

130 FOR I=A1 TO A2 

140 PRINT "PEEKING AT MEMORY ADI 


0 THEN 240 


180 PRINT "CHECK SUM=";SUM 
190 PRINT " " 

200 PRINT "CHECKED A2-A1;"BYTES' 
210 PRINT "OUT OF:" 

220 PRINT "BYTES FREE FRE(O) 
230 GOTO 260 

240 PRINT "ERROR AT LOCATION I 
250 PRINT ">>> CHECKSUM ERROR <<<' 
260 END 


; "DECIMAL? 
!ESS IN' " 


INPUT A1 


Program listing. Memory diagnostic routine. 


Fig. 2. Memory-expansion port. 


ally to the *BLK1, *BLK2, 
and *BLK3 signal lines of 
the VIC expansion port. 
(Note: the preceding 
BLK1, BLK2, and BLK3 
means the complement of 
BLK1, BLK2, BLK3.) I also 
tied the normally-inverted- 
output enables (*OE) to 
ground for simplicity. Each 
RAM is mounted in its own 
28-pin socket with a .01-mi¬ 
crofarad bypass capacitor 
tied to ground at pin 28 of 
each 1C to eliminate any 
possible glitches. 

Photos A and B illustrate 
that I like to solder rather 
than wire-wrap. My reason is 
that I do not own wire-wrap 
tools, but have a soldering 
iron, solder, hookup wire, 
and patience. Plus, for me, 
soldering is a kind of thera¬ 
py which gives me time to 
pay attention to the connec¬ 
tion I am making. 

In Photo A you can see 
that I ran the address lines 
between the ICs at the top 
of the board and the data 
lines at the mid-portion. The 
data lines from the ICs were 
run on the top side (same 
side as ICs) along with the 3 
chip-select lines. The ad¬ 
dress lines were run on the 
bottom side to the card 
edge. 

It is important to study 
the sense of how the board 
plugs into the VIC's expan¬ 


sion port. The card-edge 
connections on the same 
side as the ICs (as in Photo A) 
are the VIC expansion-port 
pins 22 to 1, going left to 
right. If you flip the board 
over, keeping the card-edge 
connector closest to you (as 
in Photo B), the card-edge 
connectors run A to Z, going 
from left to right. 

Fig. 2 is from the VIC-20 
Programmer's Reference 
Guide and is a view of the 
actual 22/44-pin expansion 
slot from the back of the 
VIC. You should study Fig. 2 
so that incorrect wiring of 
the board does not occur. 
Board Testing 

The final step is the test¬ 
ing of the RAM board. A 
large Basic program that 
successfully loads into 
memory is a good check 
that you wired the board 
correctly. You may not have 
developed such a large pro¬ 
gram working with only the 
5K RAM installed at the fac¬ 
tory. Instead, you may 


POKE $FFFF at several loca¬ 
tions between $2000 and 
$7FFF. A PEEK at these same 
locations should return an 
$FFFF. If not, check your 
wiring for poor connections 
or shorts. It is also a good 
idea to use some emery 
cloth or very fine sandpaper 
(an ink eraser will do) on the 
tabs at the card-edge con¬ 
nector of your board. Re¬ 
member to clean the card- 
edge contacts with a sol¬ 
vent, such as video or audio 
recording-head cleaner, to 
avoid foreign deposits that 
might jam the VIC's expan¬ 
sion slot. 

I have included a listing 
of a very simple memory di¬ 
agnostic routine (see pro¬ 
gram listing) which you can 
use to check your new 24K 
of RAM by POKEing and 
PEEKing into all or some of 
these locations. This pro¬ 
gram resides in the lower 5K 
of the factory-installed RAM 
of the VIC. If you let A1 
equal 8192 (decimal) and A2 
equal 32767 (decimal), then 
the routine checks all 24K 
locations by POKEing all 


Parts List 

3 HM6264P (150-, 120-, or 100-nanosecond access time), Jame- 

co Electronics, 1355 Shoreway Road, Belmont CA 94002. 

3 0.01-microfarad, 50-WV dc ceramic capacitor, Radio Shack 

272-1065. 

1 Plug-in Vectorboard® with 22/44-pin connector, Radio 
Shack 276-154A. 


zeros, then PEEKing and 
forming an all-zero check¬ 
sum if the memory is oper¬ 
ating correctly. It takes 
about a half-hour to check 
all 24K locations. You could 
just check a few sub-blocks 
over the 24K range if you are 
in a hurry. 

The hardest task in build¬ 
ing this board was in orient¬ 
ing the connections of the 
address lines and data lines 
on the board to the VIC's ex¬ 
pansion-port signals. In addi¬ 
tion, the HM6264 is a rela¬ 
tively new static RAM chip, 
and it is not as available as is 
the 2114. But as we all know, 
this situation will improve as 
time goes by. I have listed 
some suggested part sources 
along with a parts list at the 
end of this article. 

Building this 24K RAM 
board will be a rewarding ex¬ 
perience, especially when 
you need that extra memo¬ 
ry! Good luck.B 
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VIC RAMification: Part II 

W6LOB fills the 3K gap of Part I 
with a quick piggyback RAM expansion. 


lohn f. Cocking WbLOB 
18812 Aspesi Drive 
Saratoga CA 9.5070 


H ow would like to see 
"6655 BYTES FREE" 
when you power up your un¬ 
expanded VIC-20? How 
would you like another 3072 
bytes of Basic when you 
have added RAM expansion 
cartridges? Or how would 
you like another 3K bytes 
available for alternate 
screens and character sets? 
All three of these wishes can 
come true if you expand 


your VIC-20 internally. 

By adding 3072 bytes of 
static RAM inside the 
VIC-20, we enlarge the "un¬ 
expanded" VIC, we provide 
additional memory accessi¬ 
ble by the video interface 
chip (6560), and we can re¬ 
cover the 3K of RAM lost to 
Basic when expansion RAM 
is added to blocks one, two, 
and three. 

Here, in summary form, 
are the steps we take to ex¬ 
pand the VIC-20: Six 2114 
low-power, 300-nanosecond 
static RAM chips are piggy¬ 
backed on the on-board 2114 


RAM chips. The chip-select 
Signals for RAMI, RAM2, 
and RAM3 are rerouted 
from the expansion connec¬ 
tor to the piggybacked RAM 
chips. These same chip-se¬ 
lect signals are disconnect¬ 
ed from the internal bus- 
control gate; the inputs left 
open are then tied high to 
plus five volts. 

Theory of Operation 

Expansion of the VIC-20 is 
external to the VIC-20. The 
microprocessor (6502) chip 
looks either outside to what¬ 
ever is plugged into the ex¬ 



F'tg. 1. Inside the VIC-20. Piggyback your new memory only where shown. 
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pansion connector or inside 
to the video interface con¬ 
troller (6560), the VIAs 
(6522s) for keyboard, cas¬ 
sette, and other I/O, the on¬ 
board RAM, the character- 
generator ROM, and color 
memory. Note that the soft¬ 
ware ROMs are considered 
to be outside the VIC-20. 
The definition of inside is: 
Those devices which must 
be shared by the 6502 and 
the 6560 are "inside," those 
devices which concern only 
the 6502 are "outside." 

The inside devices are iso¬ 
lated from the outside de¬ 
vices by three-state octal 
bus transceivers (74LS245s). 
The 6560 is a DMA (direct 
memory access) device. It 
must get at screen memory, 
color memory, and charac¬ 
ter memory while the 6502 is 
between clock cycles The 
operation of the 6560 must 
not affect any expansion de¬ 
vice. Similarly, any access 
the 6502 makes to an exter¬ 
nal device must not affect 
internal devices. In addition, 
the 6502 must be able to ac¬ 
cess internal devices (RAM, 
character memory, color 
memory) without causing 
bus contention, a fancy 
label for a data traffic jam. 
The bus transceiver is con¬ 
trolled by a 13-input NAND 
gate (74LS133). When the 
6502 looks for external de¬ 
vices, address decoding de¬ 
livers a low signal on one of 














the 13 inputs to the 74LS133, 
causing its output to go 
high, which in turn puts the 
bus transceiver in a high-im¬ 
pedance (don't care) state, 
isolating the internal de¬ 
vices from the external data 
bus. 

If we are to add memory 
inside, we must alter the 
VIC-20's definition of what is 
internal and what is exter¬ 
nal. The definition as it 
stands in an unmodified 
VIC-20 is: Any device whose 
address when decoded 
causes the 74LS133 to dis¬ 
able the bus transceiver is 
an external device. RAMI, 
RAM2, and RAM3 fit this 
definition. Our modification 
will add 3K of RAM as inter¬ 
nal devices connected to 
the inside data bus. We 
must also redefine RAMI, 
RAM2, and RAM3 as inter¬ 
nal devices. This means re¬ 
moving these signals from 
the expansion connector, re¬ 
moving them from the 
74LS133, tying the now emp¬ 
ty inputs high, and connect¬ 
ing the signals to the chip se¬ 
lects of our piggybacked 
RAM chips. 

Materials and Tools 

Here is a list of materials 
and tools we will need to 
perform our expansion of 
the VIC-20: 

1) Six low-power, 300-ns 
2114 static RAMS-J DR Mi¬ 
crodevices, 1224 S. Bascom 
Avenue, San Jose CA 95128 
carries the 2114L-3 at 8 for 
$13.45. 

2) Wire-wrap wire. 

3) Low-power soldering 
iron (30 Watts). 

4) Extra-thin resin-core 
solder. 

5) X-acto® knife with #11 
blade. 

6) Phillips screwdriver (to 
open up the VIC). 

7) Volt-ohmmeter for con¬ 
tinuity testing. 

8) "Third-hand" vise. 

In addition to the "hard¬ 
ware" items, there is also the 
software. We need a RAM 
test program, an alternate 
program load-address pro¬ 
cedure, and a program to 
move the screen to our new- 


Expansion 

74LS138 74LS133 Connector 


RAMI pin 14 

RAM2 pin 13 

RAM3 pin 12 


pin 4 pin 14 

pin 5 pin 15 

pin 6 pin 16 


Table 1. 


ly added memory. The two 
programs, RAMTEST (Pro¬ 
gram listing 1) and SCRMOV 
(Program listing 2) should be 
keyed in and saved before 
any hardware modification 
is undertaken. The alternate 
load-address procedure is ex¬ 
ecuted in direct mode: POKE 
43,1: POKE 44,16: POKE 
4096,0: CLR. 

Procedure 

1) Open up the VIC. There 
are three Phillips screws 
under the front edge of the 
VIC. Remove these and 
gently lift the front. The case 
is hinged at the back. Un¬ 
plug the keyboard cable and 
the power-indicator lamp 
cord. 

2) Locate the 2114s. You 
may have a VIC that uses 
2K-by-8-bit RAM chips. If so, 
you will have to follow a dif¬ 
ferent procedure. The pro¬ 
cedure for both types of 
RAM chip is essentially the 


same, but only the 2114 chip 
is covered here. The 2114s 
are located in the lower-left 
corner of the board. They 
occur in two rows of five 
columns. Each column 
makes up one K of random 
access memory, so five col¬ 
umns equal five K. 

3) Locate the chip-select 
gate (74LS138). The 74LS138 
is located on the row of 
chips directly above the 
2114s, in the upper row, 
third from the left. This chip 
is used as an address decod¬ 
er and it provides chip-select 
signals (low) for each 
1024-byte piece in the first 
8192-byte block, which we 
could call BLKO. We are in¬ 
terested in the select lines 
for RAMI, RAM2, and RAM3. 
These signals travel to the 
expansion connector and 
also to the data-bus control 
chip, the 74LS133. 

4) Locate the data-bus 
controller (74LS133). This 


RAMTEST 

10 PRINT "RAM TEST" 

12 A=1024: B=4095 
14 FOR I=A TO B 
16 PV=85: GOSUB 24 

18 PV=170: GOSUB 24 

20 NEXT I 

22 PRINT "TEST COMPLETE": END 
24 POKE I,PV 

26 IF PEEK(I)=PV THEN RETURN 
28 PRINT "ERROR AT ADDR.";I 
30 PRINT "DATA IS"; PEEK(I) 

32 PRINT "SHOULD BE";PV 
34 RETURN 


Program listing 1. 


SCRMOV 

10 POKE 36869,144 
12 POKE 648,4 

14 FOR J=217 TO 228: POKE J,132: NEXT J 
16 FOR J=229 TO 250: POKE J,133: NEXT J 
18 POKE 43,0: POKE 44,6: POKE 1535,0 
20 CLR:NEW 


Program listing 2. 


chip is located in the middle 
of the board toward the 
front edge. Its function is 
to "tri-state" the data-bus 
transceiver chips whenever 
RAMI, RAM2, RAM3, or 
other off-board devices are 
accessed. Table 1 shows the 
connections of the chip-se¬ 
lect signals. It would be wise 
to verify the specifications 
presented with a VOM. 

5) Cut traces. This step is 
taken to stop the VIC from 
shutting off the data-bus 
transceiver when RAMI, 
RAM2, or RAM3 is accessed. 
To cut the traces, you must 
first remove the VIC board 
from the case bottom. There 
are eight Phillips machine 
screws to remove. There 
also may be a sheet of rf 
shielding taped to the bot¬ 
tom of the board. Remove 
this also. The traces which 
must be cut are at pins 4, 5, 
and 6 of the 74LS133 and 
pins 14,15, and 16 at the ex¬ 
pansion connector. Use the 
X-acto knife for this task. 

Warning. When you turned 
the board over, the relative 
position of the pins changed. 
What was once on the left is 
now on the right. Be extra 
careful you are cutting the 
right traces, Also, make two 
cuts very close together and 
pry out the tiny chunk of 
copper—don't let it get 
under any of the chips. Wet 
the end of your little finger 
and remove the scrap from 
the board. Now, using a 
short piece of stripped wire- 
wrap wire, connect 74LS133 
pins 4, 5, and 6 to 74LS133 
pin 15. This will ensure that 
these three inputs will stay 
high (tied to plus five volts). 
Verify these new connec¬ 
tions (and disconnections) 
with the VOM. 

6) Install 2114s. This step 
takes the most time. We are 
going to piggyback six new 
2114 RAM chips on top of 
six of the on-board 2114s. 
Whatever you do, do not 
use the left-most column of 
on-board 2114s for piggy¬ 
backing. This is the lowest 
IK block of RAM which is 
used by the operating sys¬ 
tem and the 6502 chip itself. 
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This area includes “page 
zero" and the processor 
stack in page one. 

Use the middle three col¬ 
umns for piggybacking the 
new RAMs. Make sure that 
all the pins on the new 2114s 
are parallel. Test fit them on 
the on-board RAMs. The 
new chips should fit snugly 
without forcing. Now locate 
the chip select (pin 8) on 
each of the new 2114s and 
bend it outward until it 
is parallel to the circuit 
board. Put each chip into 
the third-hand vise and light¬ 
ly tin the inside of each of 
the pins. Place the six new 
2114s piggyback on the mid¬ 
dle six on-board RAM chips. 

Leave some breathing 
room between the on-board 
chip and its piggyback part¬ 
ner. Be sure you have orient¬ 
ed the new chips correctly. 
Pin 1 on these chips is gener¬ 
ally indicated by a little dim¬ 
ple on the top of the chip. 
Pin 1 should be at the upper- 
left corner. Now, it is time to 
solder on the new chips. 
Tack-solder each to pins 1 
and 10. Pin 10 is diagonally 
opposite pin 1. After each 
chip has been tacked on, 
briefly touch each pin's 
junction with the soldering 
iron. Check continuity of pin 
1 of the new chip to pin 1 of 
an on-board chip without a 
piggyback partner. Do this 
for each pin with the excep¬ 
tion of chip-select pin 8. 
Note any pins showing an 
open circuit. Use the tip of 
the X-acto knife to gently 
push and hold the pin while 
applying the soldering iron. 
Retest while applying the 
soldering iron. Retest the 
continuity with your VOM. 

7) Prepare the chip-select 
lines which will connect 
each column (three of them) 
to one of the chip-select out¬ 
puts of the 74LS138. The 
lines are made of three-inch 
lengths of wire-wrap wire. 
Strip one inch off one end 
and 1/8 inch off the other 
end. Tin the short end. The 
long end is connected to the 
chip-select pins, which are 
sticking out of the piggy¬ 
backed RAM chips. Make a 
very small loop in the long 
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stripped end right next to 
the insulation and slip it on 
the chip-select pin of the 
2114 in the top row. Then, 
loop a turn around the chip- 
select pin of the 2114 direct¬ 
ly below in the column. Sol¬ 
der the two connections. 
Now solder the short 
stripped-and-tinned end to 
pin 14 of the 74LS138. This 
column is now RAMI. Re¬ 
peat for the next column, 
connecting its chip-select 
line to pin 13 of the 74LS138. 
This column becomes 
RAM2. The last column is 
connected to pin 12 of the 
74LS138 and becomes 
RAM3. Check the continuity 
of these connections with 
the VOM. Now make a non¬ 
continuity check to ensure 
that the RAMI, RAM2, and 
RAM3 select lines are not 
connected to pins 4, 5, and 
6, respectively, of the 
74LS133. 

8) This completes the 
hardware modifications. Be¬ 
fore you put your VIC-20 
back together and plug it in. 
here are some items you 
should check very carefully: 
First, are there any loose 
chunks of solder or bare 
wire lying around on the 
board? Second, are there 
any solder bridges between 
pins on the piggybacked 
RAM chips? The third point 
may sound silly. It isn't. I in¬ 
stalled one of my 2114s 
backward. I found out dur¬ 
ing testing. So, be sure your 
2114s are all pointing north. 
After your work passes this 
visual inspection, reinstall the 
board in the case bottom. 

9) Button up the VIC. 
Tape the shield back. Be 
sure it is oriented correctly. 
Fasten the circuit board to 
the case bottom. Do not get 
the screws for mounting the 
board mixed up with those 
for fastening the case bot¬ 
tom to the case top (key¬ 
board). Hinge-in the case top 
and connect the keyboard 
plug on the left and the pow- 
er-on light plug on the right. 
For initial testing, you may 
want to leave the case top 
free or even off to the side a 
little. For final assembly, fas¬ 
ten the case top to the bot¬ 


tom with the three long 
screws. 

Testing 

For the initial "blue 
smoke" test, keep the ex¬ 
pansion slot empty. Turn on 
the VIC. You should see 
"6655 BYTES FREE." If you 
do not, turn off the VIC im¬ 
mediately, reread the pro¬ 
cedure, then open up the 
VIC again and check out 
each step, using the VOM 
where necessary. If you re¬ 
ceived the same old "3583 
BYTES FREE," then the VIC 
is not aware of the RAM that 
has been added. The chip- 
select signals for RAMI, 
RAM2, and RAM3 may still 
be disabling the internal 
data bus. Verify that these 
signals are not connected to 
the 74LS133 and also that 
the RAMI, RAM2, and 
RAM3 inputs to the 74LS133 
are connected to +5 V. 

If you get nothing on your 
screen, then perhaps one of 
your 2114s is installed back¬ 
wards. This has happened to 
me. I discovered my mistake 
by using my finger to see if 
any of the piggybacked 
chips were hotter than nor¬ 
mal. One of them was very 
hot, and that is how I discov¬ 
ered the error. I replaced the 
backwards chip, correcting 
the malfunction. I learned 
two things from my error. 
First, it is necessary to check 
and double-check work of 
this kind. Second, the VIC-20 
is quite sturdy; you don't 
have to be afraid of modify¬ 
ing your VIC. 

Assuming that you now 
have received the power-up 
message of "6655 BYTES 
FREE," you should run a 
memory test on locations 
0400h through 04FFFh. The 
RAMTEST program in Pro¬ 
gram listing 1 will serve, al¬ 
though if you have a better 
one, use it. To test the mem¬ 
ory which you have just add¬ 
ed, execute the alternate 
load-address procedure in 
direct mode, then load and 
run the RAMTEST program. 
The RAMTEST provided ex¬ 
ecutes in approximately six¬ 
ty-five seconds. Run the 
memory test more than 


once. If the test fails, the 
bad address will be dis¬ 
played on the screen. From 
the address you can deter¬ 
mine whether RAMI, RAM2, 
or RAM3 is bad. The display 
of the data at the failure 
point enables you to locate 
the malfunctioning chip. 
The failure is probably 
caused by an address line or 
a data line. Check out the 
connections to the chip 
which caused the memory- 
test failure. Also, check the 
chip-select line. Only after 
you have verified that all the 
connections are sound 
should you consider replac¬ 
ing the chip. 

Moving the Screen 

Here is where we recover 
the "lost" 3K of memory. 
Power down the VIC, plug in 
your memory expansion, 
power back up, and note the 
"BYTES FREE" message. In 
my case, it read "28159 
BYTES FREE." Now load 
and run the SCRMOV pro¬ 
gram (Program listing 2). 
Clear the screen and exe¬ 
cute ?FRE(0) in direct mode. 
My VIC-20 responded with 
31230, which is 3071 bytes 
more than the power-up 
message. You should see a 
comparable increase in 
available memory. This add¬ 
ed memory, unlike a plug-in 
3K expansion, may also be 
used for alternate screens. 
One final warning: There are 
many programs which do 
not run with memory expan¬ 
sion. For these programs, 
you must execute the alter¬ 
nate load-address procedure 
before you load and run the 
program.® 
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LEARN 

LISTEN SEND 



A triad of C-64 cartridges to enhance your Radiobility 


Listen to RTTY/CW with the 
SWL—Short Wave Listener 

Microlog's answer lor the short 
wave listener who doesn’t need 
transmitting capability. The "SWL” 
is essentially the receive portion of 
the AIR-1 program in permanent 
ROM with both demodulators on 
board for dual tone RTTY and single 
tone Morse reception, housed in a 
small 3" X 2-1/2' x 7/8" enclosure. 
With speaker in/out and practice 
hand key jacks, it needs no other 
connection or power supply. Just 
plug it in and it’s ready to run, as 
simple as that. Copies all speeds of 
RTTY baudot, ASCII to 300 baud, 
and Morse to 150 wpm. It has key¬ 
word or manual keyboard control of 
your printer and received buffer 
storage. Unshift on space, word 
wrap around, real time clock, and 
the famous A1R-I style on screen 
tuning indicators mean you never 
have to take your eyes off the screen 
for perfect copy tuning. Surprise 
vour favorite SWL with the 
Microlog "SWL” cartridge for the 
Commodore 64. Just $64.00 com¬ 
plete. Including connecting cable 


Learn Morse with the Expert 
Morse Coach 

A complete Morse code tutor in a 
convenient plug-in cartridge for 
your Commodore "64”. The Morse 
Coach means business. It’s not a toy 
program or a simple random code 
generator. Originally developed 
jointly by Microlog and several gov¬ 
ernment agencies experienced in 
Morse instruction, it’s the quickest 
way to Morse proficiency. The 
method works—you start from abso¬ 
lutely no knowledge of Morse, prog¬ 
ress through the alphanumeric sym¬ 
bols, and on to any speed desired. 
The "alphabet” part of the program 
introduces new characters and plots 
the progress on a bar-chart. The 
speed/test section correlates the 
input, analyzes mistakes and pro¬ 
vides a printout of the analysis/test 
results on your Commodore printer. 
As a bonus, it also boosts typing 
skill. Every club involved in ama¬ 
teur radio instruction should have 
at least one Morse coach to use as a 
"loaner”. Let’s get the "VEX" pro¬ 
gram off to a flying start with the 
Microlog Morse coach at $49.95. 


Send CW by Keyboard with the 
CW-1 Transmitter Module 

Why buy a memory keyer when for 
$49.95 you can have a cartridge for 
your C-64 with all the CW transmit 
and memory capability of the AIR-11 
Permanent ROM program and trans¬ 
mitter keying circuits give you per¬ 
fect Morse up to 149 wpm. Will key 
tube type and solid state rigs. Huge 
28000 character text bullet with 
split screen display for correcting 
pre transmit text. Eight programma¬ 
ble chain memories ol 512 charac¬ 
ters each, and two ID memories pro¬ 
vide easy contest or rag-chew opera¬ 
tion. Top line display shows trans¬ 
mit speed and real-time transmit- 
table clock. Word/line mode and 
normal character mode for effort¬ 
less operation. For learning, a ran¬ 
dom code generator and paced (long 
spacing) outputs are available on 
command. The direct output to a 
printer makes a great "letter 
writer” too. 

Original AIR-1, $199.00 (with Amtor, 
$279.00). A1RDISK, $39.95. AIRDISK 
cartridge $59.95. Microlog Corpora¬ 
tion, 18713 Moonev Drive, Gaithers¬ 
burg, MD 20879 Tel: 301 258-8400 


MICROLOG 

INNOVATORS IN DIGITAL COMMUNICATION 
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Transistors: A Biased Approach 

In Part ll, we evaluate base current and gain and use 
this information to design a working transistor circuit 


Bob Myers KCOEW 
413 Edgewood Drive 
Loveland CO 80537 


I n Part I of this look at tran¬ 
sistors, we covered some 
of the basics of how bipolar 
transistors behave and went 
through a simple analysis us¬ 
ing only the fact that the 
base-to-emitter voltage drop 
is fairly constant. To wrap 
up this look at basic transis¬ 
tor operation, we now need 
to consider the effects of 
base current and beta on 
our calculations. Remember 
the two fundamental facts 


we discussed last time: first, 
that the drop from the base 
to emitter is constant (at 
about 0.7 V for a silicon 
transistor), and second, that 
the collector current is some 
multiple of the base current. 
The number that you multi¬ 
ply the base current by to 
figure the collector current 
is called beta (sometimes 
written as just the Greek let¬ 
ter, /I), and that's what this 
article is all about 


Let's look again at the 
basic NPN transistor in a 
biasing network, just like we 
started the last time (Fig. 1). 
The arrows in this diagram 
represent the currents in 
each of the three leads of 
the transistor and show the 
directions in which we nor¬ 
mally consider these cur¬ 
rents to be flowing. (Note 
that the arrow on the emit¬ 
ter of the NPN symbol is 
pointing in the same direc¬ 
tion as the emitter current— 
an easy way to remember it.) 
We still want to be able to 
set the collector voltage and 
current to some set of de¬ 
sired values, i.e., to "proper¬ 
ly bias the transistor to a giv¬ 
en dc operating point." Last 
time, we ignored beta and 
the base current and simply 
used the voltages around 
the circuit and the base- 
emitter drop to figure all the 
currents. But now, the situa¬ 
tion gets a little more com¬ 
plicated. The emitter cur¬ 
rent is not the same as the 
base current—both the base 
and collector currents are 
shown flowing in to the tran¬ 
sistor, and the emitter cur¬ 
rent is flowing out. The emit¬ 
ter current is the sum of the 


base and collector currents. 
So, if the collector current is 
beta times the base current, 
the emitter current must be 
"beta + 1" times the base 
current Knowing the emit¬ 
ter current (and thp drop 
across the emitter resistor) 
won't do a thing for us as far 
as getting the collector volt¬ 
age and current unless we 
know beta. 

Well, that seems like a 
simple enough problem. All 
we have to do is look at the 
spec sheet for the transistor 
we're using, plug the num¬ 
ber for beta into our calcula¬ 
tions, and we're done. Well, 
right now I'm looking at a 
spec sheet for the ever-pop- 
ular 2N2222A, a typical gen¬ 
eral-purpose small-signal 
transistor The beta for this 
part can be anywhere from 
100 to 300—a 3-tp-l range! 
And not only could you ex¬ 
pect a variation from part to 
part, but the beta of a given 
part will change with tem¬ 
perature, frequency, and a 
number of other conditions 
including, of all things, col¬ 
lector current! We're not go¬ 
ing to be able to simply plug 
a number in and go—we 
don't know the number 



Fig. 1. An NPN transistor in a biasing network. Base, collec¬ 
tor, and emitter currents (lb, Ic, and le, respectively) are indi¬ 
cated by arrows. Voltages at the base (Vb) across the collec¬ 
tor resistor (Vrc), the emitter resistor (Vre), and from collector 
to emitter (Vce) are also indicated. 
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What we'll have to do is to 
figure out the real effect of 
beta and then work out 
some way to keep our de¬ 
sign going for any beta with¬ 
in the possible range. Other¬ 
wise, a design that works 
with one part might not 
work with the next, or might 
not even work from day to 
day. 

We'll work on figuring out 
the collector current as a 
function of the base voltage 
and beta. Once we have the 
collector current, the collec¬ 
tor voltage is easy (it's just 
the supply voltage minus 
the drop across the collector 
resistor). Notice that this ig¬ 
nores any dc load on the col¬ 
lector other than the collec¬ 
tor resistor—OK if we're ac- 
coupled to the next stage, 
but keep this in mind. 

Well, even if the relation 
isn't as simple as it used to 
be, finding the emitter cur¬ 
rent and voltage will give us 
something. With the emitter 
current equal to "beta + 1" 
times the base current, and 
the collector current simply 
beta times the base current, 
we could say that these two 
currents are related as Ic = 
PUP +1) X le. The emitter 
current, thanks to Ohm's 
Law, still has to be the emit¬ 
ter voltage divided by the 
emitter resistance, or le = 
Ve/Re. We know the rela¬ 
tion between collector and 
emitter currents, so we can 
write Ic = PUP + 1) X 
(Ve/ Re). 

Aha! Looks like we now 
need to bring in our other 
piece of information —that 
the emitter voltage is 0.7 
volts less than the base volt¬ 
age. Doing this, we write Ic 
= PUP + 1) X ({Vb - 
0.7)/Re).* Whether it looks 
like it or not, we're a lot clos¬ 
er now to our goal. If we can 
get Vb in terms of the supply 
voltage and R1 and R2, we're 
done. But R1 and R2 aren't 
the simple divider they were 
last time—not all the cur¬ 
rent through R1 is making it 
to R2 since the base is taking 
some. 

This complicates matters 
somewhat, but don't give 


up. We can simplify the situ¬ 
ation by replacing the cir¬ 
cuit to the left of the base 
(Vcc, R1, and R2) with an 
equivalent, as shown in Fig. 
2. Flere, Vth is the voltage 
that would have been pro¬ 
duced by the R1-R2 divider 
if the base current hadn't 
been there. Rth is simply the 
parallel combination of R1 
and R2. The "th" modifier 
comes from the fact that 
this is what's called a 
"Thevenin equivalent" cir¬ 
cuit, named for the man 
who first described it. A lit¬ 
tle thought will convince 
you that this equivalent will 
perform just like the real cir¬ 
cuit it replaces —increase 
the base current and the 
drop across Rth increases, 
lowering the base voltage. 
Using this equivalent, we 
can now write Vb = Vth — 
(lb X Rth). 

The base current, lb, is 
just the collector current di¬ 
vided by beta, so we can 
write Vb = Vth — ((lc//3) x 
Rth). This equation and the 
one marked with an * above 
have only one term between 
them that we can't either 
simply plug in or easily cal¬ 
culate—Ic, the collector cur¬ 
rent, which just happens to 
be what we're looking for. 
Pulling these two together 
and solving for Ic (and here 
I'll wave my algebraic magic 
wand and skip a few steps so 
we can get on with this) 
gives Ic = (/? X (Vth — 
0.7))/(Rth + (P + 1) X Re). 

This looks pretty formida¬ 
ble, but let's take a close 
look and see what it means. 
An increase in the number 
on the bottom (Rth + (/} + 
1) X Re) will reduce the col¬ 
lector current, and an in¬ 
crease in the number on top 
(P X (Vth - 0.7)) will in¬ 
crease it. This just says that 
making Rth (R1 and R2 in 
parallel) bigger or making 
Re bigger will cause the col¬ 
lector current to go down. 
This is as expected —in¬ 
creasing Rth should de¬ 
crease the base current; an 
increase in Re, for a given 
emitter voltage, must 
reduce the current in the 


emitter and the current in 
the collector. Similarly, in¬ 
creasing Vth (by raising Vcc 
or R2) should increase the 
base current, and so in¬ 
crease the collector current. 

Notice that beta appears 
in both the numerator (up¬ 
stairs part) and denominator 
(downstairs) of this expres¬ 
sion. If it weren't for Rth 
down below, we might be 
able to ignore beta. For ex¬ 
ample, if beta were equal to 
100, we'd have an expres¬ 
sion with 100/101 in it- 
which is pretty darn close to 
one, and so it could be tossed 
out. But just maybe we can 
choose the values for the 
biasing network so that we 
don't care about beta — 
which is the whole idea. 

Now that we have an ex¬ 
pression for Ic, we can begin 
to try some designs and see 
how well they work for vary¬ 
ing betas. Before we do this, 
let me give you a few basic 
rules of thumb that will usu¬ 
ally make this job simpler. 
First, since we want to mini¬ 
mize the effect of beta on 
Vb, try to make the current 
through R1 considerably 
larger than the base cur¬ 
rent—say 10 to 100 times as 
big. We've talked about set¬ 
ting the collector voltage, 
but what we're usually going 
to be interested in is the 
voltage that the transistor 
sees from the collector to 
emitter (Vce). Transistor 
specs will always list a maxi¬ 
mum allowable Vce, and 
we'll want to keep our de¬ 
signs mnning well within this 
spec. So, the last two rules 
deal with this voltage: First, 
the voltage across the emit¬ 
ter resistor (Ve) should be 



Fig. 2. The base biasing net¬ 
work is replaced by the "The¬ 
venin equivalent" to simplify 
calculations. 


about the same as Vce. Sec¬ 
ond, the supply voltage, 
Vcc, should be around four 
times Vce (three to five is 
really OK). This will help 
keep Vce stable without be¬ 
ing excessively large. 

With these rules in mind, 
we'll try a design. Let's go 
ahead and use the 2N2222A 
and try for, say, a 5-mA Ic 
with a 10-V Vce. Using the 
rules mentioned above, Vcc 
should be about 40 V and Ve 
should be equal to Vce at 10 
V. With a 5-mA collector 
current and about the same 
in the emitter, the emitter re¬ 
sistor will be about 10 V/5 
mA, or 2,000 Ohms. Similar¬ 
ly, the collector resistor will 
have to drop about 20 V, so 
it should be 20 V/.005 mA, 
or 4,000 Ohms. The base 
should be at about 10.7 
volts (0.7 V higher than the 
emitter) and we want the 
current through R1 to be 
10-100 times the base cur¬ 
rent. With the "worst" beta 
specified for a 2N2222A be¬ 
ing about 100, the base cur¬ 
rent will be 5 mA/100 = 
0.05 mA. We'll make the 
current in R1 about 20 times 
this, 1 mA. This gives a value 
for R1 of (40 V - 10.7 V)/1 
mA, or 29.3k. R2 is then 10.7 
V/(1 mA - 0.05 mA) = 
11.3k. 

We now have values for 
all resistors in the biasing cir¬ 
cuit and Vcc. This is shown 
in Fig. 3. Now that the first 
pass design is finished, we'll 
plug these values into our 
expression for Ic and see 
how well we did. Rth is R1 
and R2 in parallel, or 8.2k. 
Vth is just Vcc X R2/(R1 + 
R2), which is 11.1 V, and 
we'll use 100 for beta, as we 
did in the original design. 



Fig. 3. The circuit designed 
in the example. 
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This gives ic = (100 x (11 1 

- 0.7))/(8.2k + (101 X 2k)) 
= 4.9 mA, and since Ve = 
2k x (4.9 mA + 4.9mA/100) 
= 9.9 V, and Vrc = 4k X 
4.9 mA = 19 6 V, then Vce 
= 40 V - 19.6 V - 9.9 V = 
10 5 V 

These values are pretty 
close to what we wanted, but 
let's see what happens with 
the other extreme for beta — 
which for the 2N2222A is 
about 300 Here, Ic = (300 
X (11 1 - 0.7))/(8.2k + (301 
X 2k)) = 51 mA, and Ve = 
2k x (5.1 mA + 5.1 mA/300) 
= 10.2 V, Vrc = 4k x 5 1 
mA = 20 4 V. Vce = 40 V 

- 20.4 V - 10 2 V = 9.4 V 

Again, these are close to 

our design goals What's 
happening here—a three-to- 
one change in beta, and only 
a 5-6% change in the out¬ 
put? Look at Fig, 1 again. 
The emitter resistor is the 
key to the circuit's stability; 
as the output current goes 
up, so does the voltage 
across the emitter resistor. 
This forces the base voltage 


up (constant base-emitter 
drop, remember?), which in 
turn forces the base current, 
and hence the collector cur¬ 
rent, down. 

The emitter resistor is act¬ 
ing to provide negative feed¬ 
back to control the collec¬ 
tor current So, one way to 
make the circuit more toler¬ 
ant of changes in beta is to 
increase the value of the 
emitter resistor. Another is 
to increase the current in R1 
in proportion to the base 
current. This means making 
R1 and R2 smaller, which re¬ 
duces Rth. As with every¬ 
thing, there are trade-offs to 
consider—increasing Re will 
raise the emitter voltage for 
a given emitter current pos¬ 
sibly requiring larger Vcc, 
etc. Decreasing R1 and R2 
means that more current 
will be required by that side 
of the biasing network. 
There will also be other con¬ 
straints placed on these 
component values by the 
signal gain and input/output 
impedances required of this 


stage, which is another 
whole area we haven't cov¬ 
ered yet—ac performance 
While we're not yet to the 
point of doing single-stage 
amplifier design, these arti¬ 
cles should have given you a 
better understanding of how- 
bipolar transistors work and 
how to begin to design with 
them. I should mention one 
other thing, something 
which I've kept till last be¬ 
cause it throws another vari¬ 
able into the works Through¬ 
out this discussion. I've 
treated the base-to-emitter 
drop as a constant at 0 7 V 
Actually, it wanders around 
a bit, too; it can cover as 
much as a half-volt range or 
more But fortunately, the 
transistor manufacturers 
will usually supply specs for 
Vbe for various base or col¬ 
lector currents. Simply 
choose the number that's 
right for your design and 
plug it in everywhere I've 
had "0.7 V" above If you 
can't find a spec for this 
drop, go ahead and use 0 7 


until you can find (or mea¬ 
sure) a better number. 

This two-part article has 
been concerned strictly with 
the dc performance of tran¬ 
sistors. We haven't really 
looked into how they work 
as amplifiers or how to de¬ 
sign for desired gains or in¬ 
put/output impedances But 
we've come a long way to¬ 
ward a better understanding 
of these circuits already 
The dc biasing of the transis¬ 
tor has to be right before 
anything else will work, so 
make sure that you under¬ 
stand everything we've dis¬ 
cussed here. Then begin 
looking at some simple am¬ 
plifier designs and how they 
work—check out some ex¬ 
amples in the various hand¬ 
books and see if you can ap¬ 
ply what you already know 
about how a transistor be¬ 
haves to these circuits. And 
maybe in the near future, if 
you'd like to see it, I'll come 
back with another article or 
two on simple amplifier 
design! 
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Erik Fountain KA6IFQ 
1432 W. Roberta Avetu 
Fullerton CA 92633 


Automate the FT-757 

Ready for robot radio? An inexpensive micro is ail 
that you need to computer-control your Yaesu. 


A re you a ham who is 
thinking about buying 
(or just bought) a Yaesu 
FT-757 with the idea of com¬ 
puter-controlling it? If so, 
this article is for you. The de¬ 
sign details of a simple inter¬ 
face are described. Also, 
some general program de¬ 
velopment information is 
given. A specific example 
using the Radio Shack MC- 
10 Micro Color Computer as 
a controller is shown. Final¬ 
ly, a program for the MC-10 
which lets you send com¬ 
mands to the radio, remote¬ 
ly set frequency, and scan a 
large number of stored fre¬ 
quencies is included. 

The FT-757 is a fully-syn¬ 
thesized HF transceiver and 
general-coverage receiver 
containing three micropro¬ 
cessors. A smaller package 


and a much simpler overall 
design is the result of this in¬ 
novation. The main micro¬ 
processor, an MC-146805G, 
controls the synthesizer fre¬ 
quencies and permits func¬ 
tions like storing and retriev¬ 
ing frequencies from memo¬ 
ry, band stepping, and dual 
vfo operation. These and 
other useful functions can 
be enabled by controls on 
the front panel. 

A feature of particular in¬ 
terest is the interface con¬ 
nector on the rear panel of 
the radio. This connector ac¬ 
cepts serial data from a per¬ 
sonal computer and allows 
the operator to duplicate 
some functions under pro¬ 
gram control. It should be 
noted that the radio design 
does not permit complete 
remote control through the 


serial interface. Functions 
such as mode, sideband se¬ 
lection, and receive band¬ 
width can only be con¬ 
trolled manually at the front 
panel. However, the com¬ 
puter interface does provide 
an enhancement of the ex¬ 
isting radio functions. 

Any computer with an 
RS-232 serial interface capa¬ 
ble of driving a printer can 
be used to control the radio. 
Fig. 1 shows the serial data 
format. Note that each data 
byte contains one start bit 
(logic 0), 8 data bits, and one 
or more stop bits (logic 1). It 
is sent at a data rate of 4800 
bits per second. The levels 
of this signal are TTL-com- 
patible which must be 0 to 
0.3 volts for a logic 0, and 
2.7 to 5.0 volts for a logic 1. 

The standard RS-232 seri¬ 
al data output of a comput¬ 
er swings both positive and 
negative, and it exceeds the 
interface voltage limits of 
the radio. An adapter circuit 


must be provided between 
the radio and computer. 
RS-232 devices send a nega¬ 
tive voltage level for a logic 
1, so the adapter must also 
invert the data stream, 
Yaesu will sell an interface 
unit specifically intended 
for this function. 

For those eager to try 
computer control, the cir¬ 
cuit shown in Fig. 2 provides 
a low-cost method. An NPN 
transistor provides the nec¬ 
essary level translation and 
inversion. The resistor in 
series with the base and the 
diodes help isolate the com¬ 
puter from the radio. The 
radio has its own internal 
pull-up resistor to 5 volts, so 
the collector can connect 
directly to the radio serial in¬ 
put. No external power sup¬ 
ply is required. The high 
base resistance and the use 
of the radio's internal power 
minimize the risk of damage 
to the microprocessor due 
to excessive voltage. 




Fig. 2. RS-232 interface circuit. 
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Fig. 3. Radio interface connection. 





Construction is not criti¬ 
cal, but care must be taken 
to prevent the circuit output 
(point B) from shorting to 
the input (point A) or serious 
damage to the radio may re¬ 
sult. The circuit can be built 
into a small box or installed 
directly within the com¬ 
puter 

The completed circuit 
should be tested prior to 
connection to the radio. 
Connect point B to a 1000- 
Ohm resistor which in turn is 
connected to a + 5-volt sup¬ 
ply. and connect the nega¬ 
tive supply lead to point D. 
Connect a 9-volt battery or 
similar voltage source be¬ 
tween points A and C. When 
A is at +9 volts, B should be 
less than 0.2 volts, and when 
A is at —9 volts (reversing 
the battery), B should be at 
+ 5 volts. 

The serial input can be 
found on the rear panel of 
the FT-757; it is labeled RE¬ 
MOTE. A special interface 
plug is available from Yaesu 
for connecting to this serial 
input. I recommend that 
you use this part, which can 
be obtained from your local 
Yaesu distributor, or write to 
Yaesu Electronics, PO Box 
49, Paramount CA 90723, 
and ask for part number 
PI090234. The $1.91 cost in¬ 
cludes shipping and han¬ 
dling. If you are unable to 
get this part, then a tempo¬ 
rary plug can be made from 
a 14- or 16-pin, dual-inline 1C 
socket. Just cut the socket in 
half (between the rows), trim 
one half until three adjacent 
pins remain, and carefully 
file the plastic until it fits in¬ 
to the serial input socket on 
the radio. 

The connections to the 
radio are shown in Fig. 3. 
The center pin is the data 
line. The ground pin is the 
one directly below the letter 
R in the label REMOTE on 


No. Command 

1 SPLIT 

2 MR/VFO 

3 V ► M 

4 D LOCK 

5 VFO A/B 

6 M ► V 

7 500 UP 

8 500 OWN 

9 CLAR 

10 Frequency set 

11 V 5 M 


the radio. The third pin 
should be left unconnected. 
This pin has a voltage de¬ 
rived from the radio's age 
line. It could be used to 
measure signal strength. 

With the interface installed 
the computer can send con¬ 
trol data to the radio, but 
the format must be correct 
for the radio to interpret the 
commands. To explain how 
this process works, we must 
first understand how the 
computer sends information 
and what the radio is expect¬ 
ing to receive. 

The numbers that a user 
would type into the comput¬ 
er to select a frequency are 
decimal (based on powers of 
ten). When a number is sent 
over the serial output using 
an LPRINT command, the 
number has been translated 
by the computer to its ASCII 
equivalent. ASCII (American 
Standard Code for Informa¬ 
tion Interchange) is a meth¬ 
od of encoding numbers, let¬ 
ters, or symbols to provide 
compatibility between com¬ 
puters and peripheral de¬ 
vices like printers. The code 
is sent in binary (based on 
powers of two) and uses 7 
bits, or 128 different numer¬ 
ic values for this represen¬ 
tation. 

The radio is designed to 
receive 11 different com- 



Fig. 5. Command setting frequency to 12.34567 MHz. 


Data 

1 2 3 4 5 


Function 


X 03 
X 04 
X 05 


vfo-A/vfo-B SPLIT ON and OFF. 
Exchange operating freq. between 
memory and vlo. 

Write vfo data into memory. 

Lock tuning dial. 

Exchange operation between vfos A and 
B. 


X X X X 06 

X X X X 07 

X X X X 08 

X X X X 09 

© © © ® 10 

X X X X 11 


Write memory data into operating vfo. 
Step up 500 kHz (BAND UP). 

Step down 500 kHz (BAND DOWN). 
Activate or deactivate clarifier. 

Enter new operating frequency. 
Exchange freq. data between vfo and 
memory. 


Fig. 4. Command codes. 


mand codes, which are list¬ 
ed in Fig 4. The table was 
taken from CAT System Seri¬ 
al I/O Data Manual for the 
FT-757 CX, available from 
Yaesu. One of these codes, 
the frequency-set com¬ 
mand, is used to establish 
the radio frequency setting. 
Seven decimal digits (10 
MHz to 10 Hz) are required 
to define each frequency. 
Inside the radio, BCD (Bi¬ 
nary Coded Decimal), which 
uses 4 bits to represent a 
decimal digit, is the format 
used for the digits of the fre¬ 
quency setting 

Since each byte the com¬ 
puter sends contains 8 bits, 
the 7 frequency digits can 
be sent in 4 bytes. A fifth 
byte, the command, is re¬ 
quired to tell the radio that 
the preceding 4 bytes rep¬ 
resent a frequency. An ex¬ 
ample of a command set¬ 
ting the radio to 12.34567 
MHz is shown in Fig. 5. The 
remaining 10 command 
codes require the same 
5-byte format with the fifth 
byte being the command. 
The data in the preceding 4 
bytes, which are not used in 
the command, is ignored by 
the radio. 

To send the two BCD dig¬ 
its in one 8-bit byte requires 
a method to overcome the 


computer's tendency to put 
everything it sends in ASCII 
format Fortunately, there is 
a command common to 
most computers that use Ba¬ 
sic which will solve the 
problem. The CHR$(n) com¬ 
mand is used when a pro¬ 
grammer wants to specify 
the 8-bit serial data byte di¬ 
rectly. The value, n, is a 
number between 0 and 255 
and is the decimal equiv¬ 
alent of the 8-bit data byte. 

The problem remaining is 
to get the computer to con¬ 
vert a seven-digit decimal 
frequency into the equiv¬ 
alent seven BCD values. 
Next, it must combine these 
values into four 8-bit bytes. 
After adding a fifth com¬ 
mand byte, the computer 
must send these bytes to the 
radio at the proper data 
rate. 

The problem is solved by 
first generating an algorithm 
(a sequence of steps) to turn 
a two-digit decimal number 
into an 8-bit data byte, for¬ 
matted as two BCD digits. 
Generating algorithms can 
often be simplified by look¬ 
ing for patterns in numbers. 

Fig. 6 shows how such a 
pattern appears here. The 
decimal frequency number, 
its corresponding binary 
byte in BCD format and the 


Two-Digit 
Decimal Number 


8-Bit 

Serial Data Byte 


Decimal Equivalent 
of Serial Data Byte 


06 

16 

26 

99 

N 


00000110 

00010110 

00100110 

10011001 


06 

22=16 + 6 
38 = 26 + 2-6 
153 = 99 + 9*6 
N + INT(N/10)*6 


Fig. 6. BCD algorithm and data pattern. 
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1. Insert the DIN plug into the MC-10 serial I/O socket. 

2. Insert the flat connector into the remote socket of the FT-757. 

3. Insert the tape into a tape player connected to the MC-10 
and CLOAD. 

4. Type RUN and enter, 

5. The control codes are as follows: 

S = Split mode F = Enter frequency 

MR/vfo E = Save frequency 

just entered 

I = Manually scan stored 
frequencies 

H = Automatically scan (HOP) 
stored frequencies 
Spacebar = Exit either scan 


> = vfo = > memory 
L = Dial lock 
V = vfo A/B 
< = Memory = > vfo 
U = Band step up 
D = Band step down 

C = Clarifier mode 

= = Memory <=> vfo 

6. Pressing the above keys will execute the indicated func¬ 
tion. When F is selected, the frequency must be typed in MHz, 
and the enter key pressed. 

7. If a frequency is to be saved, press E after entering the fre¬ 
quency. 

8. The stored frequencies can be manually scanned (press /) 
or automatically scanned (press H). 


decimal equivalent of the < 

binary byte are shown. This l 

decimal equivalent is the i 

value used in the CHR$ i 
function to transmit the ' 

byte. The examples show i 

that by taking the integer i 

part of one-tenth the fre- < 

quency, multiplying it by 6, 
and adding the product to 
the frequency, the decimal ; 
equivalent results. Thus, 
with this algorithm and use 
of the CHR$ function, a two- 
digit frequency can be sent 
as a two-digit BCD value. 

The rest of the problem 
consists of breaking up the 
7-digit frequency into 4 two- 
digit numbers The Basic 
program listed in Fig. 7 per¬ 
forms this task by dividing 
the frequency by 10 and us¬ 
ing the integer function a 
multiple number of times. 
The numbers are stored in 
an array which, after use of 
the CHR$ function, is sent 
out the serial port by using 
the LPRINT or similar com¬ 
mand. 

Commands not requiring 
a frequency value are han¬ 
dled similarly The first four 
bytes sent can be any value 
since they are ignored by the 
radio. The fifth byte, how¬ 
ever, must represent the de- 
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sired command. The CFIR$ 
function converts the deci¬ 
mal command value into 
the binary value needed by 
the radio An LPRINT com¬ 
mand is then used to send 
the 5 bytes to the radio, just 
as before. 

A controller incorporat¬ 
ing the circuitry and pro¬ 
gram techniques just dis¬ 
cussed was developed using 
the Radio Shack MC-10 
Micro Color Computer. Al¬ 
though many computers 
will work, this one was cho¬ 
sen for several reasons. It has 
the necessary RS-232 serial 
output already built in. The 
computer is small, it uses 
the Basic programming lan¬ 
guage. and it is very inex¬ 
pensive. 

The RS-232 output of the 
MC-10 connects to the input 



♦CHR*<A<2»>.CHR*<«(I>!0. ; 

Fig. 7. Program listing to 
create two-digit numbers. 

of the adapter circuit A 
4-pin DIN plug (Radio Shack 
274-007) must be used here. 
Connect pin 4 of the com¬ 
puter output to point A, and 
pin 3 to point C. With the 
output of the adapter circuit 
connected to the radio as 
described earlier, the inter¬ 
face between the computer 
and radio is complete. 

A program listing for the 
MC-10 is shown in Fig. 8 
This program is intended to 
be used without a continu¬ 
ously-connected TV moni¬ 
tor. A menu which lists the 
program functions is shown 
in the box (item 5) of notes 
This menu can be cut out 
and taped to the MC-10 
housing. 

Carefully type the pro¬ 
gram into the MC-10, and 
CSAVE it to tape. Run the 
program. The functions are 
enabled by pressing the ap¬ 
propriate key. For example, 
to enable the dial lock, 
press L. The LOCK indicator 
on the radio display should 
be on. Pressing L a second 
time disables this function 
To enter a frequency, press 
F, then type the desired fre¬ 
quency in megahertz and 
press ENTER. The frequency 
should now be visible on the 
radio display. The frequency 
just entered can be saved in 
the MC-10 by pressing E. All 
frequencies saved can be 
scanned manually by press¬ 
ing /. They can be scanned 



480 LPRINT CHR»(A(4)>4CHR»<M3)> 
♦ CHR*<A<2> >*CMR«<«U > 1 »CHR*<I > i 


Fig. 8. Program listing for the 
MC-10. 

automatically by pressing H 
To exit either scan mode, 
press the spacebar. 

This program is simple. It 
is intended to serve as an el¬ 
ementary example. The 
techniques shown here can 
be used to develop more 
elaborate programs for indi¬ 
vidual applications. It can 
provide an opportunity for 
you to be really creative. 
The serial control capability 
makes the FT-757, which is 
already packed with fea¬ 
tures. even more appealing 

The MC-10 is the only 
computer I have tried as a 
controller, and I have ex¬ 
perienced no significant 
radio frequency interfer¬ 
ence problems. Other com¬ 
puters may cause such inter¬ 
ference, so verify that no 
problem exists before 
spending time writing pro¬ 
grams. 

Finally, I would like to 
thank W6XT and N6MN for 
their programming assis¬ 
tance and valuable sugges¬ 
tions. Good luck and happy 
programming.! 


Qty Part Number 

Parts Ust 

Description 

Approximate Price 

Interface Circuit j 

1 2N3904 

Transistor 

$ 0.49 

3 1N4148 

Diode 

0.49 

1 10k 

Resistor 

0.10 

Controller 

1 MC-10 

Computer 

59.95 

1 274-004 

Connector 

1.49 

Both available from Radio Shack. 













Peter H. Putman KT2B 
84 Burnham Road 

Morris Plains NJ 07950 


That Glorious Gonset 

With 300 Watts on 2 meters , the Gonset 972 thumbs its nose 
at solid state. Rebuild one and be heard! 


Y ou remember summer¬ 
time. Hot weather. Ice 
cream. A dip in the pool. 
And lots of great propaga¬ 
tion on two meters! You 
want to take advantage of 
some of the sporadic E. 
tropo, and aurora you've 
heard on 144 MHz, but your 
signal just isn't quite up to 
snuff. 



Assuming you have fairly 
good antennas in place, the 
answer may be more power. 
And a good cheap way to 
get it is to convert a relic 
from the past to do the job 
for you. Many readers will 
recall the old Gonset com¬ 
pany of California. Among 
their more forgettable prod¬ 
ucts were the venerable 



Cooney Bird and Sidewind¬ 
er series of transceivers for 
50 MHz and 144 MHz. How¬ 
ever, they did at one time 
make a line of amplifiers 
that were a great value and 
still are, if you can find 
them. 

If you are willing to do a 
little scrounging and solder¬ 
ing (and drill an occasional 
hole or two), then this con¬ 
version is for you It won't 
cost much (about $125-SI 30 
all told) and will yield an 
amplifier that will give you 
as much as 250-300 Watts 
of output for as little as 1 -2 
Watts of drive in the Afr| 
mode. Sounds good? Read 
on! 

The Gonset 903/972 se¬ 
ries of amplifiers were sold 
to amateurs and commer¬ 
cial interests alike 903s pop 
up at hamfests on occa¬ 
sion, but not cheaply, as 
they feature a built-in ac 
supply and will run as much 
as 400 Watts of output! The 
972, however, is a beast of a 
different sort Built original¬ 
ly as a 13.8-volt-dc version 
of the 903, it ran about 90 
Watts of output using a 
4X150A tube and found use 
as a mobile power amplifier 
for business-band use. In 
fact, many of these are still 
in service. 

The 972, as it is config¬ 
ured, is a real current hog. 
Power requirements for full 
output are 13.8 V dc at 35 
Amperes, so I wouldn't rec¬ 
ommend using it as a mo¬ 
bile amplifier. But electri¬ 


cally it is essentially a 903 
with a dc inverter to provide 
the necessary plate, screen, 
grid, and filament voltages. 

I found my 972 at the 
Yonkers ARC auction in Jan¬ 
uary, 1984 After studying 
the tables full of electronic 
goodies, I noticed a large 
grey chassis with a screened 
cover. After removing sever¬ 
al nondescript items from 
on top, it was revealed to be 
the coveted 972A. This one 
looked like it had been 
bounced around a truck for 
some time, but mechanical¬ 
ly it appeared to be fine. 
Since I had driven some dis¬ 
tance and found what I was 
looking for (sort of), I per¬ 
suaded the auctioneer to 
"bump" the order some¬ 
what and put it up for bid. 

A spirited round of bid¬ 
ding followed, whereupon 
the price was driven up to 
$80.00, at which point I pre¬ 
vailed. Shortly thereafter, 
while making settlement at 
the head table, my oppo¬ 
nent came up, took a long 
look at the 972, and said to 
me, "Just what is that thing, 
anyway?" Oh, the fates are 
cruel. 

Our group trundled home 
and I hastily removed the 
cover of my prize. All ap¬ 
peared OK and the tubes 
displayed markings and 
date codes circa 1974. A 
quick reference to the own¬ 
er's manual (invaluable) told 
me what was to go. After lo¬ 
cating the soldering iron and 
a pair of diagonal cutters, I 





went to work. Refer to Figs. 
1 and 2 to see the top and 
bottom layout of the 972 
with the spring latch cover 
and bottom removed. 

Assuming you've read this 
far, I am sure you have the 
appropriate tools in hand, so 
let's begin the conversion. 
The following items from 
the top of the chassis will 
have to be removed: C7, T1, 
CR3-10, CR11-18, R2, R7, 
R8, R6/C23, R11, R14, R15, 
and R17, as well as the as¬ 
sembly marked Heat Sinks. 
Also, remove the assembly 
marked Blower Oscillator 
but not the blower. Leave 
the rf chassis and 8-pin plug 
and socket intact, as well as 
the sockets for VI and V2. 
Remove the tubes (2 X 0B2) 
as you'll have to replace 
them with 0A2s. 

Save all the power resis¬ 
tors, as you will need some 
of them later. The rest of the 
components can be trashed. 
Also, remove the low-pass 
filter assembly from the rear 
panel. You won't need it and 
it won't handle the power 
you'll be running when 
you're finished. The unit was 
only put on for FCC certifi¬ 
cation purposes and the am¬ 
plifier runs cleanly enough 
without it. 

Now, it's time to tackle the 
chassis underside. Flip the 
unit over and remove the 
following components: K1, 
Cl, C2, C8-9, C24-25, 
T2, PL1-2, R1, R5, CR2, 
R12-13, R9-10, R37, and 
CR19. Leave R25 and 26, as 
these are used in the rf pow¬ 
er sensing circuit. R27 can 
be removed. Discard the oth¬ 
er components except C8 
and C9, which can be used 
in the bias supply. Also, re¬ 
tain the Bakelite™ support 
plate that they were on to 
hold the bias-supply parts. 

You will now need to lo¬ 
cate a high-voltage plate 
transformer, preferably 
something on the order of 
1200-1400 volts of output at 
about 350-400 milliam- 
peres. You'll also need to 
locate a multi-tap power- 
supply transformer with the 
Allowing voltages avail¬ 



Fig 1. 


able: 350-400 volts at 50 
milliamperes and 6.3 volts 
at 2.5 Amperes. If it also has 
a 5-volt winding, so much 
the better. Incidentally, this 
latter transformer is com¬ 
monly found in smaller TV 
sets from about the same 
period. The last transform¬ 
ers you'll need are: 25.2 
volts at 3 Amps (common 


Radio Shack item) and a 
transformer for the grid-bias 
supply. The latter can be ei¬ 
ther a 6.3-volt unit with its 
117-V-ac primary connected 
backwards to the 5-volt 
winding on the multi-tap 
transformer, or a standard 
117-V-ac primary/125-V-c-t 
secondary at 15 milliam¬ 
peres. 


Additional items required 
are filter capacitors for the 
HV supply, screen supply, 
and bias supply, HV diode 
rectifiers for the plate and 
screen, low-voltage recti¬ 
fiers for the bias supply, vari¬ 
ous zener diodes, ballast 
and dropping resistors, indi¬ 
cators, fuse holders, switch¬ 
es, and a meter for the front 



F ig 2. 
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Fig 3. Schematic. 


panel. All of these items are of them from flea markets— 
itemized in the parts list, perhaps even the same one 
along with possible sources where you picked up the 972 
for each item. You may be itself! 
able to come up with most The first line of business is 
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to install the HV supply transformer. As a matter of 
components. When select- fact, they can probably sup- 
ing the plate transformer, it ply most of the parts needed 
would be a good idea to for the conversion, and a 
measure the space available copy of their latest catalog 
on the chassis to accommo- would be most helpful, 
date what you have in mind. Once you have mounted 
I won't give any firm guide- the p | ate supp | y ti | ter C a- 
lines here, but allow enough pac itors, and rectifier as- 
room for at least 2 high-volt- sem bly, you should now 
age filter capacitors, the mount the mu | ti . tap trans¬ 
plate transformer, and the former for your screen and 
screen transformer (the mul- filament voltages. I located 
ti-tap unit). Don't forget, the mine just behind the f ro nt 
blower can't be moved. On pane | but forgot to a || ow 
my particular conversion. I enougb clearance for the 
also mounted the high-volt- meter, so it sticks out from 
age rectifier stack on the top tbe pane | a bit Qh, well! Lo- 
of the chassis (refer to Photo cating the mu |ti-tap trans- 
A to see the new top chassis former behjnd and just to 
layout). You should be able th e r jght of the screen mesh 
to arrange all the compo- j n tbe pane | j S an excellent 
nents with little trouble. On location, mainly because 
my particular version, I the holes have already been 
am using two 6-pF/2000- dri || ed to pass tbe various 
volt filter capacitors for the | eads through to the under¬ 
plate supply filter. The origi- side of the chassis! (How 
nal transformer shorted out | azy can you get ?) it j s a S j m - 
after a month and the re- p | e matter to then use an ex¬ 
placement just made it be- jsting terminal strip (which 
tween the capacitors and you ' ve a lready stripped of 
the multi-tap transformer. If components) to mount the 
you plan this carefully, you full-wave bridge circuit for 
might be able to use a lot of t he screen supply (should 
the existing mounting holes yje | d about 350-400 volts); 
on the chassis. the filament leads will make 

As was mentioned earlier, it to the 8-pin socket without 
you should try to locate a any trouble. This socket 
plate transformer that will feeds the various voltages 
give you about 1200-1400 (except plate) to the 4X150A, 
volts of output at about such as screen, bias, fila- 
300-350-400 milliamperes. ment, and also a return that 
The center tap isn't neces- carries sampled rf voltages 
sary, as you will be using a for the power output meter 
full-wave bridge-rectifier as- Assuming you now have 
sembly, thereby increasing the multi-tap transformer 
your plate voltage at the ca- wor king, the next step is to 
pacitor terminals to about w j re up and test the two sup- 
1500-1750 V dc, which is plies (plate and screen) You 
plenty. The 4X150A is rated should pick up some HV 
for a maximum of 2000 V dc test-probe wire (5-kV insula- 
on the plate and, although t ion, #18 stranded) for hook- 
you can run higher voltages. ups on the plate This is a 
the tube will last a lot longer common item and most 
with reduced voltages. electronics supply houses 

These transformers aren't have it on the shelf. The bal- 
hard to find. I located one as ance of your hookups can 
part of a surplus Lambda be made with #22 for every- 
regulated supply ($15.00) thing except the filament 
from a scrap dealer nearby, and blower connections. It 
That particular chassis also would also be a good idea to 
yielded several good filter procure a premolded. 3-con- 
caps, sockets, power resis- ductor, #16 ac power cord 
tors, and switches. Fair with plug and bare ends 
Radio Sales in Lima, Ohio, is (about 4-5 feet). Or, you can 
an excellent source for the buy the wire and plug at an 






electrical supply house for a 
modest cost. 

Wire the plate supply as 
shown in the schematic (Fig. 
3). Keep the leads short and 
retain the connector that 
goes to the HV-bypass feed¬ 
through capacitor on the rf 
deck. Wire both capacitors 
in parallel but don't ground 
them as yet. Also, don't 
ground the — lead on the 
full-wave bridge! Connect 
the — sides of the filter caps 
and the — of the full-wave 
bridge together. You will 
also have to construct a 
bleeder assembly for the 
supply to improve regula¬ 
tion and to discharge the ca¬ 
pacitors when not in use. Us¬ 
ing the long 4-40 screws that 
held up the original bleeder 
assembly, salvage the 100k, 
20-W and 25k, 25-W resistors 
that were previously stripped 
from the chassis. Configure 
a series resistance using the 
two of 125k Ohms and con¬ 
nect across the high-voltage 
+ and — terminals (we're 
still above ground here). 
This will result in a bleeder 
current of 10-15 milliam- 
peres, depending on your 
actual plate voltage. You'll 
need a dissipation of about 
20 Watts total in the resis¬ 
tors and you have 45 avail¬ 
able, so you are all set. 

The next step is to either 
find, make up, or buy a 
.3-Ohm, 2-Watt resistor for 
your meter shunt. These are 
not uncommon at hamfests 
and you can string together 
different values to make it 
up. This then goes from your 
— connection (capacitors, 
full-wave bridge, and bleed¬ 
ers) to ground. This ground 
return path is at a low poten¬ 
tial voltage, which makes it 
a very safe place to put a 
meter in the circuit to mea¬ 
sure plate current. With the 
indicated shunt and about 
1600 volts on the plate, the 
meter reads about 500 mA 
full scale. We'll get to the 
meter hookups later. 

Test your supply by ap¬ 
plying ac to the primary and 
using a Simpson 260 or 
equivalent meter with a 
5-kV range. Look for correct 



Photo B. Bottom view of the 972 with all final wiring in place. 


plate voltage, then cut the 
power and verify that the 
bleeders are doing their job. 
Plate voltage should drop to 
zero in about 10 seconds. If 
all is well, you're ready to 
wire up the screen-voltage 
supply. Locate the windings 
desired (in my case, it was a 
700-V-c-t unit, so I used one 
side and the center tap for 
350 volts) and wire up the 
screen full-wave bridge. This 
can be done on an adjacent 
terminal strip under the 
chassis, or you can mount a 
new one. You'll need to lo¬ 
cate two 40-pF, 450-V-dc 
electrolytics for the filter ca¬ 
pacitors. Again, these are 
common items at hamfests. 
Whatever you use, the de¬ 
sired filtering is about 75-90 
pF at 450 V dc. 

Once this is done, you will 
have to configure the resis¬ 
tors: first, a dropping resistor 
for the regulator tubes. Sim¬ 
ple calculations will yield 
the value needed: In my 
case, the output of the full- 
wave bridge with filter ca¬ 
pacitors was about 435 
volts. The maximum screen 
current on the 4X150A is 30 
milliamperes, and the VR 
tubes (2 X 0A2) don't want 
to see more than 300 volts. 
The required drop is 435 — 
300 = 135 volts/.030 = 
4500 Ohms. Assuming nor¬ 
mal use of the amplifier in 
class AB lr chances are you 
won't exceed 20-25 milliam¬ 
peres of screen current (un¬ 
less you're driving the living 


daylights out of the tube) 
and one of the 5000-Ohm, 
10-Watt resistors you 
stripped from the chassis 
will fit the bill perfectly. 
Your screen dissipation will 
be on the order of 3-4 
Watts, so the 10-W rating is 
more than enough. 

Now that you have 
dropped the voltage to the 
VR tubes, you'll also need to 
make up a screen bleeder. 
The guiding factor is that 
you want the screen supply 
to dissipate as fast or faster 
than the plate supply; other¬ 
wise, you'll pop the screens 
on the tube. I've also used a 
fuse here for extra protec¬ 
tion-more on that shortly. 

What kind of bleeder cur¬ 
rent do you need? Well, not 
much! The screen of the 
tube doesn't draw much to 
begin with, so the bleeder 
current ought to be on the 
order of about 5-10 milliam¬ 
peres. Let's do some calcula¬ 
tions: 300 volts/010 mA = 
30k Ohms. Some experimen¬ 
tation is in order here to de¬ 
termine the time constant, 
and rather than use math, I 
just tried several different 
values until the satisfactory 
current was reached, espe¬ 
cially in relation to plate-dis¬ 
charge current. This value is 
close to what I actually used, 
which is about 33k Ohms. At 
this level, all you need is a 
2-Watt resistor. 

Make sure that the VR 
tubes are the last piece of 
the chain that goes to pin 3 


on the octal socket. This is 
the most critical supply in 
the amplifier and it must be 
filtered and regulated ex¬ 
tremely well for the ampli¬ 
fier to behave itself in a lin¬ 
ear mode. If you want extra 
protection, such as if the 
plate supply fails, install a 
1/10-Amp AGC fuse (not a 
slow-blow) in series with the 
screen-voltage line. This will 
prevent tube blowouts. 

Once you have established 
that the screen and plate 
supplies are up and running, 
the next step is to tackle the 
bias supply. If you have lo¬ 
cated the 117-V-ac/6.3-V-ac 
filament transformer, sim¬ 
ply hook up the 6.3-V-ac 
leads to the 5-V-ac winding 
on the multi-tap. This will 
yield about 95-100 volts 
from the now-backwards 
primary winding. A single 
diode is sufficient for this 
supply, as it doesn't draw 
much current at all and reg¬ 
ulation is not a problem. 
You'll see about 120-130 
volts at the output, but 
here's the catch: You must 
hook up the diode reversed, 
since we need negative bias! 
No sweat here, as the cath¬ 
ode (banded) end goes to 
one side of the transformer, 
with the other transformer 
lead grounded. The output 
is taken from the anode side 
of the diode and a 40-pF, 
250-V-dc capacitor from the 
salvaged parts is connected 
backwards from it to ground 
— minus to the anode, plus 
to ground. Next, locate or 
buy a 5k, 5-Watt potenti¬ 
ometer, a 33-volt, 5-Watt 
zener, and a 1 k, 2-Watt resis¬ 
tor. This is your bias network 
and should be connected as 
per the schematic. 

When the key line at J1 is 
shorted, the Ik resistor is 
taken out of the line, there¬ 
by allowing the zener to do 
its thing and provide an ad¬ 
justable range of about 
50-120 volts dc. Removing 
the ground raises the stand¬ 
by voltage back to about 
135 or so, putting the tube in 
hard cutoff. Mount the com¬ 
ponents on the Bakelite 
board that was rescued ear- 
73 Magazine • January, 1985 37 




Photo C. The finished conversion with new lettering and a 
new paint job. 


lier from the garbage and lo¬ 
cate the bias-adjustment pot 
in a convenient location I 
placed mine behind the fil¬ 
ter caps inside the chassis to 
prevent accidental readjust¬ 
ment 

Note: If you chose the 
more conventional 117-V¬ 
ac/I 25-V-ac transformer, 
simply hook it up to your ac 
source and wire as before on 
the secondary. Your voltage 
range will be greater when 
adjusted and will sit at 
about 150-160 volts when 
on standby 

Verify that your supply 
will give you from -130 to 
— 50 volts when J1 is 
grounded and R1 is ad¬ 
justed It should be a 
smooth adjustment and be 
stable when set. Where you 
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set this pot will determine 
your class of operation. For 
example, a setting of —100 
to -90 volts will put you in 
class C and the tube will 
need more drive for a given 
power output This is appro¬ 
priate for FM use only 
Dropping the voltage to 
about -60 to -50 volts will 
put you in about class AB. 
where the idling plate cur¬ 
rent will be close to 80-100 
milliamperes, and you'll 
need only about 1-2 Watts 
of drive for full power out¬ 
put. 

OK, let's step back and in¬ 
spect our work. The plate 
supply is now up and run¬ 
ning. The screen and grid- 
bias supplies are also behav¬ 
ing as intended. You're al¬ 
most done, believe it or not! 


The next step is an easy 
one. You'll have to drop the 
filament voltage to the 
4X150A to exactly 6,0 volts, 
as per Eimac's ratings. To do 
that, you need to know the 
filament current require¬ 
ments (2.1 Amperes), and us¬ 
ing simple math we find that 
6,3 — 6.0 = .3 volts need to 
be dropped. Also, 3 volts/ 
2.1 Amps =14 Ohms. (2.1 
X 2.1) X .14 = 6.1 Watts. 
So, you'll need a .14-Ohm, 
6-Watt resistor? Well, my 
past experience has shown 
that the average .1-Ohm, 
10-Watt resistor will fill the 
bill, yielding a filament volt¬ 
age around 6.08 volts. For 
the intermittent use the tube 
will get, you're not shorten¬ 
ing its life by any drastic 
amount, or even any appre¬ 
ciable amount! So, go ahead 
and use a 1-Ohm, 10-Watt 
resistor. These always show 
up in surplus houses and 
flea markets for a song. (I 
bought 5 at Dayton for 10? 
apiece.) Run the wire from 
this resistor to pin 8 on the 
octal socket and ground the 
other side of the filament 
lead for the return. If you 
haven't done so already, 
also hook up the grid bias to 
pin 2 of the octal socket. 

If you want to use the 
multimeter switch and me¬ 
ter to also measure grid and 
screen current (and who 
doesn't?), you'll need to dig 
up or buy a couple of 33- 
Ohm, 2-Watt resistors. 
When the meter leads are 
across these resistors (in se¬ 
ries with the screen and grid 
supplies), the meter scale 
reads about 30 mA full scale, 
which is perfect. Use one re¬ 
sistor for each supply. You 
can use existing terminal 
strips to secure the resistors, 
which should be installed 
right before the voltage goes 
to the octal socket. 

By now, the bottom of 
your supply should be look¬ 
ing something like Photo B. 
Notice the neat layout and 
extensive use of cable ties 
and dressed leads This 
makes troubleshooting a lot 
easier. 

The next step is to install 


the new blower supply. This 
is nothing more than a Radio 
Shack 25.2-V-c-t, 6-Amp trans¬ 
former. You'll have to wire 
the blower very carefully, 
however, as it was designed 
to run from a flip-flop sup¬ 
ply that is nowhere near 60 
cycles. The trick is to find 
the red and orange enam¬ 
eled wires and wire them in a 
series-parallel arrangement, 
as shown in Fig. 4. I fried an¬ 
other transformer by not do¬ 
ing this, as the current de¬ 
mands became excessive. 

At this point, it would be a 
good idea to check all of 
your wiring. You should 
have plate, screen, grid, and 
filament voltages both in 
position and working cor¬ 
rectly. The blower should 
also come up to speed and 
the transformer may run a 
little warm, but that's it! 
Again, refer to Photo B for 
the final layout You may 
have to jockey the blower 
transformer around a bit to 
find the best compromise to 
get at the leads (which are 
quite long) and clear the 
other components. Take 
your time and be neat. Mark 
your wires well for later 
identification when hooking 
up the switches and lamps. 

Now, the fun part begins. 
You are ready to install the 
switches and indicator 
lamps on the front panel, 
the fuse holder for the ac 
mains, a power cord on the 
back, and a jack for switch¬ 
ing the bias control when in 
standby. It might be a good 
idea to consider sanding and 
repainting the chassis (see 
Photos C and D). If you are 
so inclined, you can also 
reletter all of the controls 
with transfer type and then 
spray the panels with a clear 
finish, like Krylon, for pro¬ 
tection. Chances are if your 
972 looks anything like mine 
did when I picked it up, it'll 
need a paint job. 

It's time to do the front 
panel! One item I didn't 
scrimp on was a meter. Ca- 
lectro makes a fine unit with 
a front-panel scale of 0-1 
mA (catalog #D1-1012). It 
retails for about $15.00 and 



Fig. 4. Wiring diagram tor modified blower. Of the eight 
wires, don't use either set of black or green wires. You'll need 
to determine which are the correct pairs by shorting one of 
the red wires to one of the orange wires and connecting 25 
volts across the other two. If the blower won’t turn, try the 
other red wire to the same orange wire and change 25-volt 
connections accordingly. 





Parts List 



Plate Supply 



T1 

117-V-ac primary, 1200-1400-V at 300-mA secondary 

Fair Radio 


D1-D4 

1N5408 type, 3 A, 1000 piv 

Jameco 

3/$1.29 

C1-C2 

Either three 4 uF at 20000 V dc 

Fair Radio 

4.00 


or one 12 uF at2000Vdc 

Fair Radio 

12.00 

R2 

Bleeder—from 972 parts 



Screen Supply 



T2 

117-V-ac primary, 700 V c-t at 50 mA 

Fair Radio 

5.95 


6.3 V at 3.5 A 

5.0 V at 2.0 A 



D5-D8 

1N4007 type, 1 A, 1000 piv 

Jameco 

10/1.29 

C3-C4 

50 uF, 350 V, axial 

Fair Radio 

.65 

VI-V2 

0A2 regulator tubes 

Fair Radio 

2.50 

R3 

Bleeder—from 972 parts 



R1 

Dropping resistor—from 972 parts 



FI 

Fuse, 1/10 A, 250 V, AGC 

jobber/flea market 


Grid-Bias Supply 



T3 

117-V-ac primary, 6.3-V secondary (hook up back¬ 
wards to 5-V winding on T2) 

Fair Radio 


D9 

1N4004 type, 1 A 400 piv 

Jameco 

12/1.29 

C5-C6 

From 972 parts 



D10 

33-volt, 5-Watt zener (ECG or HEP) 

jobber/flea market 


R4 

1000-Ohm, 2-Watt carbon 

jobber/flea market 


J1 

RCA female chassis mount jack 

Radio Shack 


Miscellaneous 



F2 

Fuse, 8 A, 250 V (AGC-8 or MDL-8) 



Ml 

0-1-mA miniature panel meter (Calectro D1-1012) 

jobber/flea market 


R5 

1-Ohm, 10-Watt resistor 

Fair Radio 


R6 

5k-Ohm, 2-Watt potentiometer 

Jameco 


R7-R8 

3.3-Ohm, 2-Watt resistors 

Jameco 


R9 

.3-Ohm, 2-Watt resistor 

Fair Radio 


S1-S2 

DPST switches, 8-A, 125-V-ac rating 

Fair Radio 


11-12 

NE-51-type indicator lamps, or preassembled 

120-V-ac indicator assemblies 

Jameco 


T4 

117-V-ac primary, 25.2-V secondary 

Radio Shack 273-1512 

5.99 


Fuse holder (2) 

Jameco 



Ac cord and plug 

jobber/flea market 



Shaft couplings (2) and extensions 

Fair Radio 



Knobs, 1/4" (3) 

Radio Shack 


Note: Prices and sources for some parts are not specific due to widespread availability, both sur¬ 
plus through Fair Radio and at flea markets. You should have little trouble finding what you need. 

For a free copy of Fair Radio's latest catalog, write Fair Radio Sales, PO Box 1105, Uma OH 45802. 


is available in most electron¬ 
ics parts stores. With the 
shunts called for, it will give 
you the current ranges de¬ 
sired—0-500 mA for plate 
current and 0-30 mA for 
screen and grid current. If 
you're clever, you might 
find a way to mount it to 
cover the two terminal-strip 
knockouts. If you're lazy 
(like me), you can mount it 
above the Meter callout and 
leave the other hole blank. 
The leads that went to the 
terminal strip now go right 
to the meter. I ran all new 
shielded two-conductor 
cables to all sampling points 
and the meter itself. Cau¬ 
tion: Check the polarity on 
the grid-current resistor, 
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otherwise the pointer will go 
off scale reversed and possi¬ 
bly damage the movement. 

Eimac tells us that 
4X150As last longer if the fil¬ 
ament voltage is allowed to 
come up without plate and 
screen voltages for about 3 
minutes. To facilitate this 
and solve the tricky problem 
of bringing the plate and 
screen voltages up at the 
same time, I wired up a 
Plate switch on the front 
panel. This is nothing more 
than a DPST switch, one side 
of which controls the plate 
primary supply and the 
other of which cuts off the 
screen voltage right before 
the octal socket. If you 
place the switch as I did. 


you'll find that it lines up 
perfectly with the socket. 
An indicator light can be 
placed across the primary to 
show plate power is "up." 

A good place for the ac 
mains fuse is right behind 
the meter on the top chassis. 
I used a clip-in-type fuse 
holder. If it blows, the cover 
can be quickly removed to 
gain access. Make this a 
8-10-Amp MDL slow-blow 
for the current surge when 
the plate capacitors charge 
up. Wire your primary ac 
switch to bring up the grid- 
bias supply, filament volt¬ 
ages, and blower. Install an 
NE-51-type indicator across 
the transformer primary. If 
you are using a multi-tap 


transformer, wire its primary 
in parallel with the blower. 
This will bring up the grid 
supply, blower, filament, 
and screen, but the screen 
won't be in the circuit until 
you throw the plate switch 

Now you are ready to test 
the tube! You'll need a cou¬ 
ple of voltmeters capable of 
reading 0-250 V dc and 
0-2000 V dc. Connect the 
minus lead of the first to the 
bias line and ground the pos¬ 
itive lead. Using high-volt¬ 
age probes, carefully con¬ 
nect the positive lead of the 
second meter to the capaci¬ 
tor terminals and the nega¬ 
tive lead to the minus side 
of the supply—not ground . 
Connect the HV-to-rf-com- 
partment plug and plug in 
the octal plug If you 
haven't done so, remove the 
screws that hold the rf com¬ 
partment cover down. Be 
careful—there is plenty of 
high voltage present! 

With the 4X150A in the 
socket and seated, turn the 
ac power on. Wait three 
minutes for the tube to 
warm up. Then, turn the 
plate supply on. You should 
be seeing about 1500-1700 
volts on the plate and —135 
to —150 volts on the grid. 
(You can also verify the 300 
volts on the screen if need 
be, but the 0A2s should be 
glowing purple at this point.) 
With the bias-adjust control 
at its maximum resistance, 
ground J1. You should see 
somewhat of a drop in the 
grid voltage. While keeping 
|1 grounded, adjust R1 for 
about 100 milliamperes of 
plate current Then, remove 
the ground from )1, and the 
plate current should drop to 
zero. 

Again, ground the key line 
and verify that the plate cur¬ 
rent is back at about 100 
milliamperes idling If so, 
you have now set the tube 
to run in class AB^—linear. 
The blower should be forc¬ 
ing a little warm air around 
the tube chimney. At this 
point you are running about 
150 Watts dissipation (not 
power). If the above instruc¬ 
tions check out, you're 





ready to drive the tube and a short length of cable. Con- 
make power nect either a 300-Watt dum- 

Note: If at this point the my load or an antenna to 
idling current still reads zero the output jack on the back, 
or very low, you may either Turn the plate switch on and 

have a bad tube or insuffi- key your rig or exciter. Using 

cient screen voltage getting a dummy load, peak first the 
to the tube. Check all con- grid and then the plate-load 
nections carefully. controls on the front panel 

Connect your exciter (pref- for maximum output with 
erably 1-2 Watts—an HT is minimum grid and plate cur- 
fine for tests) to the input rent. On most of the 972s, 

connector on the back using you will also have to tune 



Photo D. Rear view of the completed unit after repainting. 
Note the position of the rf keying jack. 
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the plate capacitor for reso- front panel as I did. Or, you 
nance. This is a screw next to can just make the adjust- 
the tube inside the plate ments with a screwdriver, as 
compartment Caution: This they won't drift much. The 
screw has plate voltage on it. key line to J1 can be hooked 
Be careful! Use a noninduc- up to any radio with an ex- 
tive tuning tool to make the temal-amplifier keying jack 
adjustment In most cases. If you prefer, the circuit in 

once you set this screw, you Fig. 5 shows a simple rf sniff- 

can make excursions across er using a Darlington tran- 

2 MHz or so without an ap- sistor to switch a relay and 

preciable loss in power. establish bias. Additionally, 

Carefully tune plate and if you have a Dow-key relay 
grid for maximum output for the antenna line, you can 
You'll find that in AB| it will hook it to the output and 

take only about 1-2 Watts use the spare contacts to set 

to give 250-300 Watts of the bias. Simply run the line 
output power. Not bad, eh? from J1 to the relay instead 
That's close to 20 dB of gain, and ground the closure con- 
and think of what your tact. 12 V dc for the relay 

16-dB-gain antenna can do can be obtained from a 

with that! If you prefer to diode off the tap on the 
run more drive power, sim- blower transformer (sneaky, 
ply set the idling current eh what!) and the jack on 

lower to about 50 mA, and it the rear panel can be used 

will take more drive (5-10 now to create the ground re- 

Watts) to achieve full out- turn for the relay operating 

put What is full output? The voltage. This is the method I 
4X150A is rated at about 250 use, with an ICOM IC-740 
Watts maximum dissipation driving an MMT 144-28 into 
and peak current of 400 mA the amplifier. The ICOM has 
in SSB operation. Keeping an RCA jack that will key on 
the current down to 300-350 transmit 
mA is a good idea, and And there you have it! A 
you'll still be making lots of 300-Watt, tube-type VHF 
power. amplifier for a nominal sum 

The 4CX250B can be sub- and some weekend work. If 
stituted with equally effec- this doesn't get you on 
tive results. The only differ- 144-MHz aurora, I don't 
ence is that 4X150AS are fre- know what will! If you have 
quently available at flea any questions about the am- 
markets for as low as $5.00 plifierwhen building it, send 
each, used, while good used along an SASE for the reply, 
4CX250Bs generally run and I'll try to help out 
more than $15.00 each. | would like to thank 
You'll also find the spectral Steve Katz WB2WIK, who 
purity of this amplifier is ex- was most helpful with the 
cellent. making it ideal for conversion and convinced 
repeater use. It'll sit all day me to write this article, Mike 
and run 100 Watts without Crawford WA2VUN, who 
breathing hard! punched the front panel at 

You can obtain shaft cou- his shop, and my wife, Gayle 
plings and extensions at flea KA9ESB, who sees all these 
markets to bring the plate- "boxes" disappearing into 
load and grid-tuning con- the basement and doesn't 
trols out to knobs on the give it a second thought ■ 



Fig. 5. Rf sniffer circuit —for keying with any radio using 
sensed rf. 





H. H. Hunter W8T\X 
1106 Carolyn Avenue 
Columbus OH 43224 


A Space-Saver Seven Megger 

Stuffing full-wave 40m loops into tiny places is W8TYX's 
specialty . We finally got him to tell us how he does it 


W hen my only anten¬ 
na, a roof-mounted 
vertical for 7 MHz, failed 
during the winter, I was not 
able to repair it because of 
the cold weather. I needed 
a replacement, but no trees, 
towers, or tall buildings 
were available for supports. 
After some experimenta¬ 
tion I arrived at a (more or 
less) horizontal loop anten¬ 
na which has performed 
surprisingly well. 


Fig. 1 shows the general 
layout of the loop antenna. 
It is a closed loop with a 
total electrical length of 
about one wavelength at 7 
MHz. I used no. 20 copper 
wire because that is what I 
had; the size of the wire is 
not important. 

The loop begins under the 
house eaves about 8 feet 
above the ground and con¬ 
tinues to the corner of the 
house about 24 feet away. 



Fig. 1. General layout of the loop antenna. 
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The loop continues from 
the corner of the house to 
the corner of the garage, a 
distance of about 24 feet 
The corner of the garage is 
about 7 feet above the 
ground. From there the 
loop continues to the peak 
of the garage roof, a dis¬ 
tance of about 11 feet 
where it reaches its highest 
point about 11 feet above 
the ground. The loop then 
continues to the far corner 
of the garage, a distance of 
19 feet, descending to a 
height of about 7 feet. 

From there the loop goes 
to the eaves under another 
corner of the house, a dis¬ 
tance of about 25 feet; the 
height here is about 8 feet. 
The loop then goes vertical¬ 
ly down the side of the 
house about 5 feet. The pur¬ 
pose of this "jog" in the 
loop is to add length and 
make the antenna resonant 
at the desired frequency in 
the 7-MHz band. The loop 
then goes horizontally for a 
distance of about 7 feet, 
then more or less vertically 
back up to the eaves, and 
then horizontally for a dis¬ 


tance of 6 feet back to the 
starting point. 

The loop is fed at the 
starting point with RG-8 
coaxial cable. One end of 
the loop is connected to the 
center conductor of the 
coaxial cable and the other 
end of the loop is connect¬ 
ed to the shield. 

The jog in the loop, de¬ 
scribed above, was not in 
the original version of the 
antenna. It was added after 
measurements with a noise 
bridge showed that the res¬ 
onant frequency of the an¬ 
tenna was too high. The di¬ 
mensions cited above were 
not "designed." Rather, I 
used the space and the sup¬ 
ports which were available 
and then adjusted the over¬ 
all length of the loop to 
make it resonant at the de¬ 
sired frequency near the 
low end of the 40-meter 
band. 

If you build a similar an¬ 
tenna, use what you have in 
the way of space and sup¬ 
ports and start with a total 
length of the loop equal to 
about one wavelength at 
the desired operating fre- 













quency A wavelength is 
given by the expression: 
A = 935/f where A = wave¬ 
length (feet) and f = fre¬ 
quency (megahertz) 

After you have erected 
the loop with the calcu¬ 
lated total length, measure 
its resonant frequency using 
a grid-dip meter, an swr 
bridge, or a noise bridge. 
The calculated length is 
just a starting point. The 
resonant frequency of the 
antenna will be affected by 
the presence of nearby ob¬ 
jects and its height above 
ground. Adjust the length 
of the loop to obtain the de¬ 
sired resonant frequency. 
An increase in length will 
decrease the resonant fre¬ 
quency, while a decrease in 
length will increase the res¬ 
onant frequency. 

Fig. 2 shows the vswr 
(voltage-standing-wave ra¬ 
tio) of the completed loop 
as a function of frequency 
for the 40-meter band 
These measurements were 
made at the far end of a 


50-foot length of RG-8 coax¬ 
ial cable which was con¬ 
nected to the loop. The 
bandwidth for a reasonable 
vswr covers most of the CW 
portion of the 40-meter 
band. I do not have equip¬ 
ment to measure the im¬ 
pedance of the antenna, 
but the minimum vswr of 
1.2 to 1 indicates that the 
driving impedance at reso¬ 
nance is a reasonable 
match for the 50-Ohm im¬ 
pedance of the coaxial 
feedline Measurements of 
my (repaired) vertical an¬ 
tenna are shown for com¬ 
parison. 

A horizontal loop anten¬ 
na radiates most of its ener¬ 
gy at high angles with re¬ 
spect to the earth. So this is 
not a low-angle DX anten¬ 
na. However, on 7 MHz it 
performed well on short 
hops out to a few hundred 
miles. The best DX I worked 
using this antenna was 
OKI APV in Czechoslova¬ 
kia, but band conditions 
were good that night. It 



Fig. 2. The vswr of the 7-MHz loop. 


consistently performed 
well with stations out to 
about 500 miles; beyond that 
distance my vertical antenna 
did better. 

After the 10-MHz band 
opened, I shortened the 
overall length of the loop 
and made it resonant for 
that band. Fig. 3 shows the 
vswr of that loop across the 
30-meter band; it is less 
than 1.2 to 1 over the entire 
band. I have worked 
VK3AGW twice using this 
simple antenna. 

If you are stuck without 
an antenna or just want to 



Fig. 3. The vswr of the 
10-MHz loop. 


try a different type of an¬ 
tenna, give this horizontal 
loop a try. It's not a world- 
beater for DX, but it is sim¬ 
ple, easy to put up and ad¬ 
just. and works reasonably 
well That's a good combi¬ 
nation. ■ 
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David L. Oliver W9 
Route 2, Box 75A 
ShevVm MN 56676 


Shoestring RTTY 

Build a commercial-quality computer interface for under $30. 


W hen I decided to put 
my computer on the 
air and see what was hap¬ 
pening on the RTTY scene, I 
set out to design and build a 
simple interface that would 
provide accurate decoding 
of received Teletype® and 
CW signals and allow the 
computer to key either the 
FSK or the CW input of the 
transceiver. I wanted to 
spend less money but, hope¬ 
fully, get as much perfor¬ 
mance as buying a commer¬ 
cially made interface. 

My first attempt was a 
very simple circuit using 
phase-locked-loop tone de¬ 
coders to detect the mark 
and space tones. It had post¬ 
detection filtering and one 
bandpass filter on the input. 
It performed perfectly un¬ 
der "laboratory conditions,'' 
but in the real world of ama¬ 
teur-radio bands, the print¬ 
out was often rather confus¬ 
ing. Something better was 
obviously needed 


Having heard that active 
filters were hard to design, 
build, and adjust, I was re¬ 
luctant to begin design of a 
filter-type decoder. I rather 
cautiously breadboarded a 
basic state-variable filter cir¬ 
cuit using the TL-084 bi-FET 
op amp and found that it 
worked perfectly on the first 
try, didn’t oscillate or ring, 
and provided a very high Q 
at the design frequency 
which came out exactly 
where the formulas had pre¬ 
dicted Since that was the 
hard part of the design, the 
rest went smoothly and I 
was on the air with just a few 
days work and only about 
$30 spent out of the ham- 
radio budget. 

Fig. 1 shows the circuit 
diagram of the interface. I 
feel it is about as simple and 
straightforward as possible 
without compromising per¬ 
formance All switching is 
done with single-pole 
switches and no tuning is re¬ 


quired after initial setup. 
The switching arrangement 
lends itself well to push-but¬ 
ton operation and a very 
modern look is possible us¬ 
ing the switch assembly 
shown in the accompanying 
photographs. 

How It Works 

The audio signal enters at 
J1 and goes through a band¬ 
pass filter (BPF) centered at 
2210 Hz. This filter is used 
only for 170-Hz-shift RTTY 
and can be switched out 
with SI for wider shifts. 

The signal then goes to 
U1, a 741 op amp, which 
with S2 closed operates as a 
limiter, producing a square- 
wave output at the frequen¬ 
cy of the strongest signal in 
the passband. With SI open, 
the op amp operates as a 
conventional amplifier that 
does not clip the signal at 
normal volume levels. Nor¬ 
mal operation is in the FM or 
limiting mode, which pro¬ 


vides better performance on 
weak or noisy signals The 
AM mode can prove useful 
if there are two signals close 
together and the tendency 
of the limiter to capture the 
stronger signal is not de¬ 
sirable. 

The output of U1 is then 
attenuated slightly by the 
voltage divider consisting of 
R4 and R5 so as not to over¬ 
load the following filter 
stages. It is fed to the inputs 
of three BPFs consisting of a 
2125-Hz filter for the mark 
tone and 2295- and 2550-Hz 
filters for the space tones 
corresponding to 170- and 
425-Hz shifts, respectively. 
The reason for choosing 
these shifts is that my pri¬ 
mary interests are in ham 
operation on the HF bands 
(nearly all 170-Hz shift) and 
commercial shortwave tele¬ 
type (usually 425-Hz shift). 
Any shift can be copied in 
the single-tone mode (select¬ 
ed by S4). Since 850-Hz shift 



The completed interface. The round object above the switch¬ 
es is the tuning meter. The circuit board with the switch assembly attached. 
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Fig.1. Computer interface. 


is used mostly on VHF are connected so that when any difference must be due of the transceiver. U3d and 

where signals are strong and the mark tone is present, the to the frequency changes in Q1 provide a push-to-talk 

clear, I would recommend output of U2a goes low and the FSK signal. output so the computer can 

using single-tone detection U2b goes high. The presence The outputs of U2a and automatically switch the 

rather than adding another of the space tone produces U2b drive the LED mark and transceiver to the transmit 

filter. A 2975-Hz BPF could the opposite condition. The space indicators. S5 selects mode, 

be substituted for the 2550- comparators will respond to normal or reverse shift and The power supply re- 

Hz filter, or all three shifts relatively small differences sends the appropriate out- quires a source of regulated 

could be implemented by in the detector dc levels, al- put to the three-pole passive dc power, typically 13.8 

using a three-position switch lowing for maximum signal- post-detection filter consist- volts, which is available in 

at S3. After the BPF stages, to-noise ratio. Since the dif- ing of R15-R17 and C9-C11. most ham stations. Since the 

CR1 and CR2 half-wave rec- ference between the levels U2c squares the output of current required at 5 volts is 

tify the output signals of the of the two signals is detect- the filter and converts it to a very small, a simple zener- 

filters and, in conjunction ed rather than comparing TTL level, which is inverted diode regulator is used. The 

with C7, C8, RIO, and R12, each one to a set level, very by one section of a 7404 hex voltage divider consisting of 

provide dc levels corre- weak and noisy signals can inverter, U3a. A TTL signal R7 and R8 provides a refer- 

sponding to the strengths of be decoded fairly accurate- which is high on mark and ence for all the active filter 

the mark and space tones. ly; i.e., the noise level com- low on space is now ready to circuits. It is important that 

Two sections of U2, an ing out of each filter is as- be sent to the computer. all the filters be supplied 

LM339 quad comparator, sumed to be the same, so U3b and U3c simply buff- with the same reference 


er the computer FSK signal because this ensures that 
to be sent to the FSK input the mark and space detec- 



Fig. 2. Bandpass filter. Fig. 3. Tuning, indicator (optional). 
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Freq 

R104 

R105 

R108 

R109 

R101 

R107 

2125 

68k 

10k 

68k 

10k 

160k 

220k 

2210 

68k 

10k 

68k 

10k 

51k 

68k 

2295 

62k 

10k 

62k 

10k 

160k 

220k 

2550 

56k 

10k 

56k 

10k 

160k 

220k 

2975 

47k 

10k 

47k 

10k 

160k 

220k 

800 

160k 

100k 

160k 

100k 

160k 

220k 


Table 1. Component values for active bandpass filters. 


tor levels on C7 and C8 are 
the same when no signal is 
present. 

For CW operation, the 
transceiver can be tuned so 
that the CW tone is at 2125 
Hz using the RIT control with 
S4 placed in the single-tone 
position. A signal that is high 
on key-down will then be 
sent to the computer. For 
sending, the interface circuit 
will depend on your trans¬ 
ceiver. Fig. 4(a) shows a cir¬ 
cuit which will key most 
solid-state rigs, 4(b) is a cir¬ 
cuit for grid-block-keyed 
tube transmitters, and 4(c) 
shows a universal relay key¬ 
ing circuit for any type of rig. 

Optional Extras 

Like the economy car, 
this simple interface has 
some extra-cost options 
available. For instance. Fig. 
3 shows a tuning-meter cir¬ 
cuit using an LM324 quad 
op amp and a 0-1 -mA meter 
which is very useful in mak¬ 
ing the fine-tuning ad¬ 
justments required for ac¬ 
curate copy. It is very easy 
to use—just tune for max¬ 
imum meter deflection and 
you are exactly on frequen¬ 
cy. If you build the meter 
circuit, then adding a 
squelch to prevent on¬ 
screen "babbling" when tun¬ 
ing between signals is sim¬ 
ple. The final section of the 
LM339 (U2d, Fig. 1) and a 
few extra components are 
all that is needed. 

If your transceiver is not 
equipped for FSK operation. 


then it will be necessary to 
add an AFSK circuit such as 
the one in Fig. 5. This circuit 
uses an XR-2206 function 
generator to convert a TTL 
signal from the computer to 
an audio signal for the rig. It 
will be necessary to operate 
in the LSB mode (regardless 
of which band you are on) to 
obtain the correct mark and 
space tones. 

Another option for CW 
enthusiasts is to provide fil¬ 
ters in the 800-Hz range for 
the input and mark BPFs and 
suitable switching to select 
CW or RTTY. This is not in¬ 
cluded on the schematics 
because I felt it was not suf¬ 
ficiently important to war¬ 
rant the increased complexi¬ 
ty. Those who operate com¬ 
puter CW a lot may wish to 
do this, however. Table 1 
lists component values for a 
tuning range of 650-950 Hz. 

Construction 

Before beginning con¬ 
struction, you will have to 
investigate the manuals for 
your computer, the software 
you will be using with it, and 
your transceiver. If the com¬ 


puter has TTL-level I/O and 
the transceiver has a TTL- 
compatible FSK input (Com¬ 
modore computers and 
ICOM transceivers, for in¬ 
stance), you should be able 
to build the interface exact¬ 
ly as shown. Just follow the 
instructions with your soft¬ 
ware to make the right con¬ 
nections to the computer If 
some pieces of the puzzle 
don't fit exactly, then you 
will need to make the appro¬ 
priate modifications. For in¬ 
stance, some computers 
have RS-232 I/O which will 
require level conversion to 
TTL. There seems to be some 
standardization among RTTY 
software programs as to 
polarities of input and out¬ 
put signals; however, this 
may not be true in all cases. 
Polarity conventions as¬ 
sumed here are: mark, high; 
space, low; key-down, high; 
PTT, low to transmit. As 
soon as you sort out all your 
polarities and levels, you are 
ready to start building. 

Each block labeled BPF in 
Fig. 1 represents the active 
bandpass-filter circuit of Fig. 
2. Each filter circuit is the 
same except for some resis¬ 
tor values which are listed in 
Table 1. R101 and R107 de¬ 


termine the Q of the filter 
and are reduced only in the 
case of the 2210-Hz input fil¬ 
ter since it must pass a rela¬ 
tively wide band of frequen¬ 
cies. The mark and space fil¬ 
ters are designed with the 
highest practical Q in order 
to provide maximum rejec¬ 
tion of the opposite tone. 
Each BPF uses a single 
TL-084 bi-FET quad op amp 
Do not substitute a conven¬ 
tional op amp since the per¬ 
formance of these filters de¬ 
pends partially on the char¬ 
acteristics of this 1C. Use the 
best quality capacitors avail¬ 
able for a 03 and Cl 04 to 
ensure good temperature 
stability. 

A perforated prototyping 
board with holes on 1-inch 
centers makes for a neat lay¬ 
out and fast construction 
The Radio Shack Dual Crid 
Board #276-161 is just the 
right size for this simple in¬ 
terface. Construction is not 
critical because operation is 
at audio frequencies. The 
TL-084s have a very high in¬ 
put impedance, so be care¬ 
ful to prevent stray coupling 
which could cause oscilla¬ 
tion and ringing or reduce 
the effectiveness of the fil¬ 
ter circuits. Use ferrite beads 
on all input and output 
leads and house the unit in a 
tight metal box to prevent rf 
from getting into the circuit. 
Shielded cables on all input 
and output lines including 
the cable to the computer 
are good practice, as well. 

Alignment 

When construction is 
completed you will need to 
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Fig. 5. AFSK circuit. 









adjust all the pots for proper 
operation. How the unit per¬ 
forms will depend on how 
well the initial adjustments 
are made. To align the ac¬ 
tive filter circuits, you will 
need an audio signal gener¬ 
ator or function generator 
and a frequency counter or 
an oscilloscope with very 
accurately calibrated hori¬ 
zontal sweep. 

To align each filter, apply 
a signal of the correct fre¬ 
quency to the input and, ob¬ 
serving the output with a 
scope, adjust R105 and R109 
carefully for maximum out¬ 
put. If the frequency-deter¬ 
mining capacitors, C103 and 
004, are not close to their 
nominal values, you may 
find that the maximum out¬ 
put occurs at one extreme or 
the other of the pot's adjust¬ 
ment range. If this happens, 
it will be necessary to change 
the value of the resistor in 
series with the pot to the 
next higher or lower value. 
When you have peaked the 
filter to its center frequency, 
adjust the frequency control 
of the signal generator and 
observe that the output falls 
off rapidly and equally in 
both directions. You can 
now be assured that the fil¬ 
ter is working correctly and 
will provide good perfor¬ 
mance. 

Next, apply a sine wave of 
about 2 kHz to the audio in¬ 
put. With SI in the OUT po¬ 
sition and S2 in FM, increase 
the level until the output at 
pin 6 of U1 just becomes a 
square wave. Adjust R2 for 
the most symmetrical 
square wave possible. 
Change S2 to AM and ob¬ 
serve that the output of U1 
is now a sine wave. 

If you are using the tuning 
meter of Fig. 3, adjust R203 
to zero the meter with no 
audio applied and set R204 
at mid-range. When adjust¬ 
ing R203, begin at the 
ground end and turn it only 
until the meter first reads 
zero 

You are now ready to put 
the interface on the air since 
the remainder of the adjust¬ 
ments are made with actual 

✓ See List of Advertisers on page 80 


RTTY signals. Begin by con¬ 
necting only the receiver 
audio and the computer. 
Load and run your software. 
Set SI to IN, S2 to FM, S3 to 
170 Hz, S4 to double-tone, 
S5 to normal, and S6 to 
OUT. Set R9 and R18 to mid¬ 
range. Tune in a strong clear 
signal until both mark and 
space LEDs are flashing. 
Tune the receiver carefully 
(preferably using a 10-Hz 
tuning rate) until the tuning 
meter reaches maximum de¬ 
flection. Increase receiver 
volume until there is no fur¬ 
ther increase in meter indi¬ 
cation and adjust R204 so 
that the meter reads about 
80% of full scale. Print 
should be appearing on your 
screen. Adjust R18 in each 
direction until print begins 
to become garbled, then set 
it midway between these 
points. Switch to single-tone 
and adjust R9 so that copy is 
as good or nearly as good as 
it was. The adjustment of 
R18 is not critical on a good 
signal but becomes increas¬ 
ingly more so as signal quali¬ 
ty worsens, so experiment a 
little with this control on 
poor signals before putting 
the lid on the box. 

Now switch in the 
squelch and adjust R20 so 
that the squelch circuit does 
not interfere with normal 
copy but prevents any gar¬ 
bage from appearing on the 
screen when tuning between 
stations Note that the 
squelch drops out quickly 
but takes a few seconds to 
pick up. It is normal for a 
few extraneous characters 
to be printed during the 
squelch tail. 

If you are using the AFSK 
circuit of Fig. 5, connect a 
frequency counter and/or 
oscilloscope to the output 
and set all pots to mid¬ 
range Ground pin 9 and ad¬ 
just R510 for 2295 Hz; adjust 
R509 for 2125 Hz with pin 9 
open. Adjust R506 for the 
best sine wave at the output 
Set R501 to minimum and 
connect the AFSK signal to 
the mike jack of your rig; 
switch the rig to transmit in 
the LSB mode and leave the 


mike gain control in the usu¬ 
al position for phone oper¬ 
ation. Increase R501 until 
you reach the output power 
you intend to use for RTTY 
operation. 

Operation 

Now that the alignment is 
completed, all that remains 
is to make the final connec¬ 
tions to your transceiver and 
put your computer on the 
air. Most of the operating in¬ 
structions depend on the 
software that you are using. 
You will find that usually it 
won't be necessary to touch 
the interface—all control 
will be from the computer 
keyboard and the transceiv¬ 
er tuning dial. For ham RTTY 
and ASCII operation, set the 
interface controls as 
follows: FM, 170-Hz shift, 
double-tone, normal polari¬ 
ty, squelch in. These settings 
should work for 99% of all 
ham communications. Now 
and then you might find that 
someone is using reverse po¬ 
larity. To copy a nonstan¬ 


dard shift or CW, switch to 
single-tone detection. The 
squelch must be switched 
out in this mode since it will 
never drop out on a single 
tone. The majority of com¬ 
mercial communications 
use 425-Hz shift and reverse 
polarity. 

Now you can begin to en¬ 
joy keyboard operation 
Whether you are a newcom¬ 
er to this mode of operation 
or a RTTY old-timer, you will 
no doubt find exploring the 
world of computerized 
communication very inter¬ 
esting. This simple interface 
will provide good perfor¬ 
mance on RTTY, CW, and 
ASCII up to 110 baud. You 
will be able to chat with 
other hams, check into spe¬ 
cial-interest nets, leave mes¬ 
sages for friends on radio 
bulletin boards, and if you 
have general-coverage re¬ 
ceive, check out the press 
services, ship-to-shore com¬ 
munication, etc., outside the 
ham bands. Hope to see you 
soon on RTTY. ■ 
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Knoxville TN 37919 


Is Your Repeater Dying? 

With this 16-channel telemetry encoder , 
you have a remote chance of finding out 



Fig. 1. Schematic. 


W hy go to all the trou¬ 
ble to downlink your 
repeater's telemetry at a 
speed and format that only 
a computer can handle? 
After all, most computers are 
not very portable. Modems 
and FSK generators can 
be expensive. Voice synthe¬ 
sizers tell your data to the 
world. Reading repeater pa¬ 
rameters while mobile or 
portable can be exceedingly 
difficult. 

This simple telemetry en¬ 
coder will take a (^millisec¬ 
ond "snapshot" of 16 analog 
and 16 digital channels and 
then downlink them as a se¬ 
ries of high-speed touch- 
tones™. When used with the 
touchtone data display that 
I described in the Decem¬ 
ber, 1984, issue of 73 and 
a handie-talkie, you can 
have an inexpensive, secure 
system for readout of re¬ 
peater parameters wherever 
you are. 

Circuit Description 

I like to keep circuits as 
simple as I can to minimize 
construction time. There¬ 
fore, I used an Intel 8748 mi- 
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croprocessor to simplify the 
circuitry. The circuit shown 
in Fig. 1 uses only 5 ICs, if 
you count the voltage regu¬ 
lator. 

IC1, a National ADC0816, 
is an 8-bit A/D converter 
combined with a 16-channel 
multiplexer. Given a chan¬ 
nel address, a start pulse, 
and some clock pulses, this 
converter can do a com¬ 
plete conversion in just 
a few microseconds. The 
ADC0816 has an on-board 



analog multiplexer which 
eliminates the need for an 
external multiplexer. This 
multiplexer connects one of 
its 16 input lines to the input 
of the A/D converter, de¬ 
pending on which input is 
addressed by the micropro¬ 
cessor. 

IC2, a 74150 16-bit multi¬ 
plexer, does the same job as 
ICI, except that it does it 
for digital signals. A 74C150 
would be a better choice for 
this spot (since it is CMOS 


and therefore has a much 
lower current drain), but I 
didn't have one, so I just 
plugged in the regular TTL 
version instead. If you have 
a 74050, you can just sub¬ 
stitute it since the two ICs 
are pin compatible. 

The 8748 microprocessor, 
IC3, controls the whole 
show. It addresses and oper¬ 
ates the A/D converter, the 
digital multiplexer, and the 
touchtone generator. It re¬ 
ceives data, converts it to 


the proper format, and then 
outputs it at the switch-se¬ 
lected rate. 

The National MM53130 
touchtone generator, IC4, 
not only generates the stan¬ 
dard 16-digit tone pairs, but 
it also outputs a push-to-talk 
signal for keying the down¬ 
link transmitter. This PTT 
signal is only present while 
the tone is on, however. So, 
if you do not want your 
transmitter to drop out be¬ 
tween tones, you might 
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Parts List 


1 

R1 

Resistor, 100 Ohms, Vi W, 20% 

$ .06 

4 

R2-R4, R6 

Resistor, 10k Ohms, Vi W, 20% 

.24 

1 

R5 

Trimpot, 5k Ohms, Vi W, 20% 

.59 

1 

Cl 

Capacitor, 10 ^F, 16 V, electrolytic 

.49 

2 

C2-C3 

Capacitor, 20 pF, 50 V, disc 




ceramic 

.39 

1 

C4 

Capacitor, 1 ^F, 16 V, electrolytic 

.49 

2 

C5, C7 

Capacitor, 100 nF. 35 V, 




electrolytic 

1.58 

4 

C6, C8-C10 

Capacitor, .01 >jF, 50 V, disc 




ceramic 

.32 

1 

Q1 

Transistor, 2N3904 NPN or 




equivalent 

.30 

1 

IC1 

1C, ADC0816 A/D converter 

9.95 

1 

IC2 

1C, 74150 16-line multiplexer 

1.35 

1 

IC3 

8748 microprocessor (see text) 

50.00 

1 

IC4 

1C, MM53130 DTMF encoder 

5.95 

1 

IC5 

1C, LM7805 5-V regulator 

1.59 

1 

XI 

Crystal, 3.579 MHz, TV burst 

1.99 

2 

— 

40-pin 1C socket 

.98 

1 

— 

24-pin iC socket 

.33 

1 

— 

18-pin IC socket 

.24 

1 

S1-S3 

3- or 4-position DIP switch 

1.19 

1 


PC board (see text) 

10.00 


want to add a small delay 
circuit. The one advantage 
that the MM53130 has over 
other touchtone generator 


chips is that it will accept ei¬ 
ther 2-of-8-type inputs or 
standard 4-line binary in¬ 
puts. Other generator ICs 


accept only the 2-of-8-style 
inputs. 

Lastly, a 7805 three-termi¬ 
nal, 5-volt regulator is used 
to supply a constant voltage 
for the entire circuit. 

Software 

The microprocessor pro¬ 
gram that runs the telemetry 
encoder is shown in Fig. 2. 
Since it is commented fairly 
well, I'll just briefly outline it 
here: 

Lines 40-60 direct the mi¬ 
croprocessor to the transmit 
program located at address 
100 hex. I put the transmit- 
routine start point at that lo¬ 
cation in order to make 
room for the data-display 
routine that was described 
in the previous article. 
Neither program is very 
long, so I put them both in 
memory simultaneously. 
That way I could easily 
swap the processor from 
one circuit to another. 
When the microprocessor 
first wakes up or is reset, it 


immediately goes to loca¬ 
tion 0 for its first instruction. 
That is why I put the vector 
there. 

Lines 70-150 form the in¬ 
struction loop that the pro¬ 
cessor stays in until the start 
line is grounded. When that 
happens, the processor be¬ 
gins executing lines 160-590, 
which comprise the part of 
the program that reads all 
the analog and digital chan¬ 
nel values and stores them 
in memory. 

Once the data is all gath¬ 
ered, it must be formatted 
and sent out to the touch- 
tone generator. Lines 600- 
940 take care of these 
chores. 

Program instructions at 
lines 950-1240 form the 
OUTput subroutine which 
routes the data to the touch- 
tone generator and ensures 
proper pulse durations. 

The CONVert subroutine, 
lines 1250-1520, performs a 
binary-to-BCD conversion 
on all channel numbers and 
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Fig. 3. PC board, foil side. 







data. I convert all numbers 
to BCD instead of sending 
them out in hex format be¬ 
cause the touchtone genera¬ 
tor can only generate 16 
tone pairs and the display 
unit uses three of those for 
special symbols That 
doesn't leave enough char¬ 
acters to represent the hex 
characters 0-9 and A-F. So 
I had to send everything 
in BCD 

Construction 

A printed circuit board 
was developed for this cir¬ 
cuit and is shown in Fig. 3. 
The parts-placement dia¬ 
gram is shown in Fig. 4 Due 
to the relatively large num¬ 
ber of lines needed to inter¬ 
connect the ICs. about 25 
jumpers were needed on the 
board These could have 
been eliminated by using a 



Touchtone telemetry encoder prototype shown with data 
display unit. 

double-sided PC board, but A-Z. Simply connect points 

that would have made the labeled with the same letter 

board much harder to dupli- A to A, B to B, C to C, etc. I 

cate The jumpers are all recommend that all parts be 

designated by single letters installed on the board be¬ 


fore wiring the jumpers, ex¬ 
cept for jumpers E through 
H. These jumpers are very 
close to the end of IC2 and 
might be more easily in¬ 
stalled before the 1C socket 
is soldered on. Note that in 
this group only jumper FI is 
labeled on both ends. This is 
due to the fact that there 
just wasn't room to put la¬ 
bels on the board. These few 
jumpers are short and are 
shown on the parts-place¬ 
ment diagram. Also note 
that jumper Q is not labeled 
on the board, but it is shown 
on the parts-placement 
drawing (near pin 25 of IC3). 

Two sets of holes have 
been provided for crystal 
XI, a TV color-burst crystal. 
This is to allow easy use of 
either the large or small 
style of burst crystal. 

The regulator, IC5, should 



+7-30VDC 


SPARE 

SW 


Fig. 4. Parts placement. 
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AMATEUR TELEVISION 


ATV TRANSMITTER/CONVERTER 

ALL YOU NEED IN ONE BOX 




$399 delivered 
TC-1 plus 


iltm AC supply 01 
* searches, etc 
ra. TVRO. VCR o 


BASE, MOBILE. * 


RECEIVE ON YOUR STANDARD TV SET tuned to channel 3 
Sensitive varicap tuned TVC-2L downconverter covers simplex 
repeater treq over the whole 420 450 mHz 70 cm amateur b 


ATTRACTIVE 10 5*3x9 CABINET. 
LL OR WRITE FOR OUR CATALOG or more 


(818) 447-4565 m-f 8am-6pm pst. 

P.C. ELECTRONICS 




be provided with a heat sink 
since it can get quite warm. 
Space is provided for a TO- 
220-style heat sink. 

Power-up should be pre¬ 
ceded by a voltage check 
with ICS in place and all 
other ICs removed. Check 
the power pins of all ICs for 
+ 5 volts. If they all check 
out, disconnect power and 
install the remaining ICs. 
Observe that IC4 is installed 
with its pin 1 pointing in the 
opposite direction from IC.3. 

Although this circuit can 
be powered by any voltage 
from about 6 to 30 volts, the 
analog and digital inputs 
must be limited to a maxi¬ 
mum of 5 volts (or 1C dam¬ 


ful what you connect to the 
inputs. 

Operation 

The circuit begins operat¬ 
ing when the START line is 
pulsed low. First, all sixteen 
analog channels are sam¬ 
pled. The ADC0816 A/D con¬ 
verter generates an 8-bit dig¬ 
ital representation of a 0-to- 
5-volt analog input Each of 
the 16 analog inputs is sam¬ 
pled one at a time with the 
results stored in micropro¬ 
cessor memory. Then the 
digital inputs are sampled. 
Each digital bit is shifted in¬ 
to a memory location shift- 
register style. When all six¬ 
teen digital bits are sampled, 
they are stored in memo¬ 


ry as two eight-bit words. 
The entire sampling and 
conversion process takes 
only about 6 milliseconds 
The microprocessor then 
begins the data formatting 
and outputting process. 
First, a channel number is 
output to the touchtone 
generator. Channel numbers 
range from 0 to 17. That in¬ 
cludes channels 0 through 
IS for the 16 analog chan¬ 
nels, and channels 16 and 
17, which are the two eight- 
bit words containing the 16 
digital channel bits. A " —" 
is then sent (# on a touch- 
tone pad) to serve as a sepa¬ 
rator between channel num¬ 
ber and data. Next, the 
channel's data is retrieved 
from memory and con¬ 
verted to a three-digit BCD 
number ranging from 0 to 
255. Then these three digits 
are sent Lastly, a space (D 
on most 16-digit touchtone 
pads) is sent to separate 
channels on the display. 
Leading zeroes are omitted 
on both channel numbers 
and data to minimize the 
sending time. The sending 
rate of 12 to 25 seconds per 
complete cycle can be var¬ 
ied in eight steps by setting 
the Sending Rate Selector 
switches, SI-S3. The fastest 
rate is selected when all 
switches are closed. At the 
fastest rate, each touchtone 
is on for approximately 35 
milliseconds, followed by a 
silence period of equal dura¬ 
tion. The very first touch- 

E2 


Fig. 6. Nomograph. 
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Fig 5. 7 iming diagram. 
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tone sent in a cycle (channel 
0) is held on slightly longer 
to allow transmitters and re¬ 
ceivers in the downlink sys¬ 
tem to come alive. The re¬ 
sulting format and timing of 
all this outputting is shown 
in Fig. 5. 

To easily interpret the dis¬ 
played analog data received 
on the downlink, I made use 
of a simple nomograph 
shown in Fig. 6 Numbers 
from 0 to 255 are scaled 
along one side of the verti¬ 
cal line. Numbers represent¬ 
ing whatever data is to be 
measured can be put on the 
left side of the line. For ex¬ 
ample, if you are measuring 
temperature, a scale from 
-40 to +150 degrees may 
be drawn on the left of the 
line. Then if the downlinked 
data reads 182, you can 
simply find 182 on the right 
side of the line and read the 
correct temperature cor¬ 
responding to that value on 
the left side. 

Conclusion 

One change that you 
might wish to incorporate in 
this circuit is to change the 
crystal frequency in order to 
move the generated tones 
off the standard touchtone 
frequencies. This would not 
only ensure link security, 
but it would also prevent 
some idiot with a tape re¬ 
corder from wreaking havoc 
by recording the telemetry 
stream and playing it back 
on your repeater or control- 
link input frequency Any 
crystal frequency from 1 to 
4 MHz ought to work just 
fine. 

Be sure to change the 
crystal in your data-display 
circuit as well so that it will 
decode properly 

I want to thank Bill Kaylor 
VV9DSM for developing the 
printed circuit board tor this 
project. Thanks also to Paul 
Hamilton for his photo¬ 
graphic assistance 

Printed circuit boards are 
available from the author 
for $10.00. Preprogrammed 
and tested 8748 micropro¬ 
cessors are available for 
$50.00. ■ 
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How Good Is Six? 

Try 50 MHz with a transceiver you've built from scratch. 
There's no greater pleasure than saying , "I did it myself!" 



Photo A. Close-up of balanced modulator showing X-acto®- 
knife “cut and slash" construction technique. 


Larry lack KL7CLK 
#? Last Lake Drive 
Bay Ridge. Annapolis MO 21403 


T his would be a good 
evening for a test, I 
thought. Several conversa¬ 
tions drifted through the 
speaker as I glided along 
the bottom of the six-meter 
phone band. There was a 
strong summer E opening to 
the south. "Well, here 
goes," I said, and I let out a 
CQ. I had just finished build¬ 
ing the transceiver that af¬ 
ternoon and, although its 
transmitter is only half a 


Watt, by the end of the open¬ 
ing it had netted ten states 
and a Caribbean island. I 
had faith in my simplistic 
design, but this performance 
was even better than I had 
expected. 

This is an article on how 
to construct a six-meter side¬ 
band transceiver. I original¬ 
ly planned to write it in a 
concise, technical manner, 
when a non-ham friend's 
observation made me re- 



Fig. 1. Block diagram of a 50-MHz transceiver. 
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Photo B. Close-up oi receiver mixer stage showing detail of Photo C. Completed 6m DSB transceiver, 

coil windings found throughout the transceiver. 


think my approach- After at each circuit stage. When 
looking over the completed it is all together, you appre- 
schematic, her comment ciate the complexity. In the 
was, "I wouldn't know end you say, "I built that!" 
where to begin building 
that!” I realized something Theory 
forgotten years ago: It is The transceiver has a 5- 
awful to have the desire to MHz crystal oscillator that 
build when you think you is used both for DSB gener- 
lack the technical skills. ation in the transmitter and 

for bfo injection for the di- Fig. 3. 5-MHz Colpitts oscillator. 

Reassurance rect-conversion receiver A 

The truth is that if you second crystal oscillator is 

can get a one or two-tran- variable (vxo) and injects, simple it operates DSB. a handful of fixed-value 

sistor project to work, then after multiplication, 55 While this is a six-meter parts, you can construct a 

working with ten times that MHz into the mixers for both transceiver, the circuits and DSB source exhibiting bet- 

number of transistors really the transmitter and the re- theory can be applied to ter than a 50-dB carrier sup- 

isn't any more difficult. It ceiver. Since both of these other frequencies, but this pression I especially like 

requires going step by step sections of the transceiver will become obvious later the lack of tuned circuits 

and making sure everything share the same oscillators, on. See Fig. 1. because it eliminates a lot 

is correct before proceed- they are locked to each oth- , of tune-up problems, I've 

ing. In the end the pieces er in frequency. What you DSB Generation usec j jn g transmitter on 

will all slide into place. It is hear is where you talk, so to The heart of the transmit- 185 kHz, and with the ex- 
this step-by-step approach speak. This arrangement ter is a Sylvania ECG-973 ception of the final amplifi- 

I've taken with this trans- means never having to wor- balanced modulator. This is er output stage, there was 

ceiver. It is easy to become ry about being off frequen- truly an amazing device, nothing except the carrier 

overwhelmed, so look only cy. To keep the transmitter With no tuned circuits and balance to tune! 

The balanced modulator, 
5-MHz oscillator, and audio 
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Fig. 5. 


strength meter (FSM) can be 
used to verify both the os¬ 
cillator output and the DSB 
coming from the ECG-973. 
This just about guarantees 
that everything is right. A 
double check by listening on 
5 MHz will be especially re¬ 
warding as you tune through 
a superbly clean, crisp side¬ 
band signal. Only a slight ad¬ 
justment to R n will be nec¬ 
essary to null the carrier to 
better than 50 dB, 

At this point some may 
ask, "Why not filter the 
DSB and make SSB?" You 
can, I have, and it works. If 
you have a crystal filter and 
change the mixing frequen¬ 
cies accordingly, this will 
produce a fine SSB genera¬ 
tor Personally I have found 
almost universal accep¬ 
tance of DSB on VHF. Most 
stations have such sharp re¬ 
ceivers that they never even 


detect the other sideband. 
So unless you tell then you 
are operating DSB, they will 
never know. Building crys¬ 
tal filters can be an enlight¬ 
ening (tricky) business, and 
DSB is so much easier. Why 
fight? 

Construction 

The balanced modulator 
as well as all the other cir¬ 
cuits are built on copper- 
clad glass-epoxy boards. I 
have learned that it is easier 
to build and test one stage 
at a time before proceeding 
on. Therefore, each circuit 
section is an individual 
square of PC board. Revi¬ 
sions occur all too fre¬ 
quently before arriving at a 
final circuit. This happens 
even when following a de¬ 
sign that is known and prov¬ 
en. I recommend buying the 
best quality boards avail¬ 
able because there is noth¬ 
ing more frustrating than 
having the copper foil peel 
away from the cheap PC 
board which has been heat¬ 
ed once too often. 

Each circuit section is ap¬ 
proximately 2 inches square 
and these are wired togeth- 


FH 




Fig. 8. Driver/power amplifier. 


er. Rather than elaborately 
planning out the wiring 
routes and component place¬ 
ments as required when etch¬ 
ing PC boards, I use an X- 
acto® knife to cut away the 
copper foil and establish 
isolated islands to solder to. 
The effect isn't much to 
look at but it is quick, effec¬ 
tive. and easily modified. 
Vxo and Frequency 
Multipliers 

This variable crystal os¬ 
cillator (Fig. 4) exacts a cost 
but returns certain valuable 
benefits. The cost is the loss 
of band coverage as com¬ 
pared to a vfo; the benefits 
are extreme frequency sta¬ 
bility when compared to 
that same vfo. This vxo also 
uses a Colpitts oscillator, 
operating at 9.2 MHz. This 
is multiplied six times to 55 



Fig. 9. Transmitting TVI filter. 


MHz, which then feeds both 
the transmitter and receiver 
mixers. At 9 MHz the oscil¬ 
lator's frequency can be 
warped about ±6 to 9 kHz 
by Cw- This comes out to a 
40-to-60-kHz swing at 50 
MHz. 

My own unit operates be¬ 
tween 50.105 and 50.160 
MHz. The addition of more 
crystals would mean great¬ 
er frequency coverage. The 
nice thing about the vxo is 
its stability. From a cold 




Fig. 11. Audio amplifier. 
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Fig. 6. 9.2-to55-MHz doubler/tripler. 








Fig 19. Receiver i-f amp and product detector board. 



Fig. 16. Pcmet'line filter. 


start-up Using gtt unregulat¬ 
ed power suppfv for a test. 

60 73 Magazine * 'January, 1965 


the vxo did not drift more 
f than 10 Hz over 90 minutes, 
f The crystal I used is a third- 
' overtone type, cut for 
27.530 MHz. In this circuit 
it oscillates on its funda¬ 
mental frequency, which in 
this case is about 9.185 
MHz By inserting an induc- 
’ tor (Fig. 5) in series with Cvy. 


the frequency can be low¬ 
ered to more closely corre¬ 
spond to the true crystal fun¬ 
damental. The values will 
have to be experimentally 
derived. Either overtone or 
fundamental crystals will 
work fine in this circuit 


If you are not particular¬ 
ly interested in 50 MHz out¬ 
put and plan to use the out¬ 
put to drive mixers at higher 
VHF/UHF bands, then CB 
crystals provide a cheap, 
easy way to generate rock- 
stable signals. 





It is not until the first 
multiplier that we reach the 



Fig. 20. 5-MHz crystal-oscil¬ 
lator board. 


first tuned circuits. A grid- 
dip meter and a frequency 
counter will ensure 27.5 
MHz coming from the trip- 
ler in Fig. 6. The following 
doubler should be checked 
also to make sure it is pass¬ 
ing only 55 MHz. The out¬ 
put coils of these and all 
the other stages of the 
transceiver are Vi-inch-di- 
ameter mini-ductor, 36 turns 
to the inch. They can be 
wound freehand if desired. 
In either case the linking 
coils are placed near the 
cold (capacitor-bypassed) 
end of the tank coil. The tun¬ 



ing capacitors are all John¬ 
son air variables, type T-6-5. 

These are nice because 
they solder vertically to the 
PC board. I seem to use 
them by the handfuls for 
VHF circuits. 

Transmitting Mixer 

If there is a transmitter 
stage that can give trouble. 


it is here. The circuit is 
straightforward enough, 
but be careful in tuning it 
up. Make sure it is 5 and 55 
MHz only that appear on 
the gate and source of the 
FET and that L 5 is tuned to 
50 MHz. Tuning up a trans¬ 
mitting mixer can be con¬ 
fusing because of the pres¬ 
ence of the local-oscillator 



Fig. 23. Transmitter balanced-modulator board. 


Fig. 21. 9.18-MHz vxo board. 




Fig. 22. 9-to-55-MHz multiplier board. Fig. 24. Transmitter driver and amplifier board. 
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Fig. 25. Microphone/audio 
driver board. 


frequencies, A simple way to 
optimize the tuning is to lis¬ 
ten on a good receiver at 50 
MHz By placing an FSM at 
the output of the mixer you 
will get an educational ex¬ 
perience in mixer operation 
at the same time. (Fig 7). 

Attach a microphone to 


the audio driver but place it 
so that it will pick up only a 
minimum of sounds (insu¬ 
late it by wrapping it in a 
piece of cloth, etc ). What 
you want is a low-level 
white-noise-modulated 
DSB signal entering the mix¬ 
er The mixer stage tunes 
roughly 45 to 65 MHz so 
start at the fully-meshed po¬ 
sition of Cm- Listen to the 
receiver, watch both its 
S-meter and the FSM. 

As you tune through C M 's 
range, you may notice three 
peaks on the FSM and one 
good strong peak in noise 
and S-meter reading on the 
receiver. Co back to the 
fully-meshed position and 
start tuning again. Notice 
that the first peak you may 
come to on the FSM does 
not correspond to a peak on 
the receiver This peak is 


more than likely a weird 
combination of mixer prod¬ 
ucts, or a fifth harmonic of 
the vxo. In any case it is not 
what is wanted. Touch up 
the tuning on the output 
stage of the doubler and 
tripler to minimize this as 
much as possible, but not to 
the extent of changing the 
injection from 55 MHz. 

Co on tuning Cm upward 
until you find an even peak 
in the receiver S-meter and 
noise. This is 50 MHz. No¬ 
tice that the FSM reading 
has not changed much. 
There is a lot of rf activity 
going on inside the mixer. 
As you can see, an FSM isn't 
much good for adjusting 
this stage. Continuing to 
tune upward will produce a 
dramatic change in the FSM 
as it passes through the 
vxo's 55-MHz output. All 


this should go to show why 
it is not a good idea to use a 
transmitting mixer directly 
into an antenna. In this tun¬ 
ing procedure we are using 
the receiver as a selective, 
sensitive filter which per¬ 
mits observation and ad¬ 
justment of the mixer at the 
desired output frequency 
An FSM, on the other hand, 
responds to everything go¬ 
ing on inside the mixer. 
There are more elegant 
ways to adjust a mixer, but 
they require expensive equip¬ 
ment and they may not be 
as sensitive as this simple 
technique. 

Rf Amplifiers 

Both the driver and final 
amplifier stages can be ad¬ 
justed in a manner similar 
to that used to adjust the 
mixer. Again, using only 


Parts List 


5-MHz Oscillator 
1 5.000-MHz crystal 


1 2N2222 

1 100-Ohm, 1/8-Watt resistor 

1 1.5k, 1/8-Watt resistor 

1 10k, 1/8-Watt resistor 

1 15k, 1/8-Watt resistor 

1 56-pF silver mica capacitor 


crystal available from Jan 
Crystals, 2400 Crystal 
Drive, PO Box 06017, 
Fort Myers FL 33906 
transistor available from 
Radio Shack stores 
resistors available from 
Radio Shack stores. 


capacitors available 
from Radio Shack 
stores 


1 100-pF silver mica capacitor 

1 0.2-uF ceramic disc 

capacitor 

1 0.1-uF ceramic disc 

capacitor 


Balanced Modulator, Audio Driver 

1 LM741 Intergrated circuits avail¬ 

able from BCD Radio 
Parts Co., PO Box 119, 
Richardson TX 75080- 
0020 (or Radio Shack for 
741-386) 

1 ECG 973 (MCI 496) 

1 47-Ohm, 1/8-Watt resistor 

2 100-Ohm, 1/8-Watt resistors 

1 820-Ohm, 1 /8-Watt resistor 

4 Ik-Ohm, 1/8-Watt resistors 

1 1.2k-Ohm, 1/8-watt resistor 

2 2.7k-Ohm, 1/8-Watt resistors 

1 4.7k-Ohm, 1/8-Watt resistor 


3 10k-Ohm, 1/8-Watt resistors 
2 47k-Ohm, 1/8-Watt resistors 
1 1-megohm, 1/8-Watt resistor 

1 50k variable resistor (trimpot) 

4 0.1-uF ceramic disc 
capacitors 

2 10-uF electrolytic capacitors, 
15 WV dc 

1 22-uF electrolytic capacitors, 
15 WV dc 


Vxo, Multiplier Stages 

1 27.530-MHz 3rd-overtone 

crystal 

1 2N2222 

1 Ik, 1/8-Watt resistor 

1 10k, 1/8-Watt resistor 

1 16k, 1/8-Watt resistor 

1 2-25-pF air variable 
capacitor 
(Johnson 157-3) 

3 56-pF silver mica capacitors 

2 0.02-uF ceramic disc 
capacitors 

2 0.01 -uF ceramic disc 
capacitors 

2 2-15-pF variable capacitors 
(Johnson T-6-5) others are 
suitable 


crystal available from 
Jan Crystals 


variable capacitors 
(Mini-Trimmer #3) avail¬ 
able from BCL Radio 
Parts Co. 


Transmitting Mixer 
1 GE-FET-1 transistor 
1 56-pF slver mica capacitor 

1 0.001-uF ceramic disc 

capacitor 

1 0.01-uF ceramic disc 

capacitor 
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Fig. 26. Receiver audio preamp board. 


white noise into the bal¬ 
anced modulator, these 
stages are adjusted for max¬ 
imum output by listening 
on 50 MHz. This technique 
allows us to select against 
any mixer outputs except 
50 MHz. Once this is ac¬ 
complished, an FSM and 
pilot-lamp bulb across L10 
will show output only when 
you speak into the micro¬ 
phone Both the driver and 
final tank coils are fairly se¬ 
lective against passing any 
55-MHz energy to the an¬ 
tenna. Once the radio is 
properly shielded and by¬ 
passed, I can get away with¬ 
out a TVI filter. A filter is 
still a good idea and I've in¬ 
cluded a simple low-pass 
design just in case (Fig. 9). 

The final amplifier shows 
no resistor in the emitter 
lead. Without one, the in¬ 


put power is about half a 
Watt. By inserting a vari¬ 
able resistor here the input 
can be varied down to a few 
milliwatts for those who 
like real QRP, 

Receiver 

This receiver's design 
allows a certain amount of 
flexibility in its construc¬ 
tion. It can be kept simple 
or expanded as the builder 
desires. Basically it is an rf 
amplifier, a mixer, a prod¬ 
uct detector, and an audio 
amplifier. 55 MHz mixes 
with 50; the difference—5 
MHz is directly converted 
to audio by mixing with 5 
MHz in the product detector. 
The audio is then amplified. 

Having grown up with 
the idea that good receivers 
are supposed to be com¬ 
plex, I still find it difficult to 


believe anything this simple 
can work so well. 

Product Detector 

A product detector is 
nothing more than a mixer 
whose output is in the au¬ 
dio range (Fig. 10). LI 2 is 50 
turns of #30 enamel wire, 
wound on a 3/8-inch-diam- 
eter iron-slug-tuned coil. 
The tune-up of this stage is 
easy; adjust LI 2 to 5 MHz 
with a grid-dip meter. If the 
audio amplifier (we are 


stepping ahead a little here) 
is attached and a longwire 
antenna is hooked to L11, 
you should be rewarded 
with a strong signal from 
WWV on 5 MHz. Notice that 
if your oscillator is exactly 
on 5 MHz, you will hear no 
beat note with WWV. If not, 
the frequency difference in 
Hz (or kHz) will appear as 
the heterodyne frequency. 

Audio Amplifier 

You will notice I skipped 


1 560-Ohm, 1/8-Watt resistor 

1 100k, 1/8-Watt resistor 
Drivers and Power Amplifier 

2 2N2369A transistors from BCD Radio Parts 

Co. 

2 56-pF silver mica capacitors 
2 0.01-uF ceramic disc 
capacitors 

2 2-15-pF air variable 
capacitors 

1 10k, 1/8-Watt resistor 

1 16k, 1/8-Watt resistor 

2 100k, 1/8-Watt resistors 
Product detector 

1 GE-FET-1 

1 2.5-mFI rfc (choke) from Radio Shack 

1 100-Ohm, 1/8-Watt resistor 

1 Ik-Ohm, 1/8-Watt resistor 
1 1,5k-Ohm, 1 18 Watt resistor 

1 56-pF silver mica capacitor 

2 0.001-uF ceramic disc 
capacitors 

1 0.01-uF ceramic disc 

capacitor 

1 200-uF electrolytic capacitor 

15WVdc 


Audio Amplifier & Preamplifier 
3 2N2222 

1 LM386 available from Radio 

Shack stores 

1 10-Ohm, 1/8-Watt resistor 

1 150-Ohm, 1/8-Watt resistor 

1 270-Ohm, 1/8-Watt resistor 

1 2.7k-Ohm, 1/8-Watt resistor 

2 5.6k-Ohm, 1/8-Watt resistors 
1 10k-Ohm, 1/8-Watt resistor 

1 12k-Ohm, 1 /8-Watt resistor 
1 22k-Ohm, 1/8-Watt resistor 
1 47k-Ohm, 1/8-Watt resistor 


1 51k-Ohm, 1/8-Watt resistor 
1 10-megohm, 1/8-Watt resistor 

1 100k variable resistor (trimpot) 

2 0.039-uF ceramic disc capacitors 

1 1-uF electrolytic capacitor, 15 WV dc 

1 4.7-uF electrolytic capacitor, 15 WV dc 

2 10-uF electrolytic capacitors, 15 WV dc 

2 22-uF electrolytic capacitors, 15 WV dc 
1 100-uF electrolytic capacitor, 15 WV dc 

1 8-Ohm, 0.5-Watt PM speaker, 3-inch diameter 

Receiver Mixer 
1 GE-FET-2 

1 100-Ohm, 1/8-Watt resistor 

1 560-Ohm, 1/8-Watt resistor 

1 lOOk-Ohm, 1/8-Watt resistor 

2 56-pF silver mica capacitors 

1 0.001-uF ceramic disc capacitor 

1 0.01-uF ceramic disc capacitor 

1 2-15-pF air variable capacitor 

0"-6-5) 

Receiver Rf Preamplifier 
1 GE-FET-1 

1 100-Ohm, 1/8-Watt resistor 

1 220-Ohm, 1/8-Watt resistor 

1 10-pF silver mica capacitor 

2 2-15-pF air variable capacitors 

Receiver l-f Amplifier 
1 2N2222 

1 100-Ohm, 1/8-Watt resistor 

1 560-Ohm, 1/8-Watt resistor 

1 4.7k-Ohm, 1/8-Watt resistor 

1 56-pF silver mica capacitor 

3 0.1-uF ceramic disc capacitors 


Miscellaneous Parts 

BNC antenna connector, DPDT switch for T/R, 6” x 5” x 4" 
aluminum box, miniature microphone jack, and hi-Z micro¬ 
phone. 
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Fig. 27. Receiver audio amplifier board. 


a stage, the audio preampli¬ 
fier. The LM386 will provide 
enough audio gain to drive 
a pair of headphones for 
tuning up the receiver. The 
preamp can be added later. 
In fact, if headphones alone 
are adequate, the preamp 
can be skipped altogether 
With a direct-conversion re¬ 
ceiver it is important to 
have as much gain as possi¬ 
ble into the audio section. 
If the preamp is omitted, 
place a 10-uF capacitor 
across pins 1 and 8 to in¬ 
crease the voltage gain 
from 40 to about 200. 

Mixer 

The receiver mixer is prac¬ 
tically identical to the trans¬ 
mitter. Fortunately it is 
much simpler to adjust. LI 5 
is identical to LI2 and it is 
dipped for 5 MHz. Cp is 
peaked for 50 MHz With 55 
MHz on the source, a six- 
meter signal should now be 
evidenced as an audio sig¬ 
nal Go back and touch up 
LI 2 for the best response 
with the product detector 


Rf Amplifier 

This rf amplifier is a com¬ 
promise I traded high gain 
for stability. When design¬ 
ing this transceiver, one of 
the things I kept in mind 
was a design that others 
could easily build. It is true 
that higher-gain preamps 
can be built, but they may 
require individualized at¬ 
tention to get them stabi¬ 
lized and working properly. 
This grounded-gate design 
still offers considerable 
gain but is rock stable. It 
will tune up cleanly right 
from the start. Another can 
be used for more gain if you 
wish. 

Initially set Ca and Cg to 
50 MHz with a grid-dip me¬ 
ter. Apply a six-meter sig¬ 
nal, fine adjust the capaci¬ 
tors, and repeak the coils of 
the mixer and product de¬ 
tector for the best response. 

The Basic Receiver 

These four stages, the rf 
preamp, mixer, product de¬ 
tector, and audio amplifier, 
are essentially the receiver. 


There was a band opening 
the evening I completed 
these stages and I spent sev¬ 
eral hours just listening to 
the activity through a set of 
headphones. There isn't 
enough audio with this con¬ 
figuration to drive a speak¬ 
er, so I added an i-f ampli¬ 
fier and an audio preamp. 

I-f Amplifier 

A single 2N2222 (Fig. 13) 
increases the audio output 
some. It also isolates the 
mixer from the product de¬ 
tector. Originally, I was go¬ 
ing to use it to drive a ceram¬ 
ic filter since I feared the 
selectivity of such a simple 
receiver couldn't be much. 
But the more I listened the 
more I realized just how 
sharp this little product de¬ 
tector was. I could tune five 
separate QSOs between 
50110 and 50.120. Sure, 
they splattered on each oth¬ 
er, but when the product 
detector was locked onto a 
desired signal, the voice 
came through sharp and 
clear. If you want more se¬ 
lectivity, a crystal filter can 
be added, but believe me. 
this is a good receiver with- 

Audio Preamp 

The i-f stage hasn't enough 
gain to use a speaker with 
the LM386 audio amplifier. 
Direct-conversion receiv¬ 
ers require large amounts 
of audio amplification, 
thus, they are prone to mi¬ 
crophonics. This one is no 
exception. Be sure to firm¬ 
ly solder everything down 


on the receiver. The cir¬ 
cuits will produce a char¬ 
acteristic ring whenever 
they are tapped if not se¬ 
curely attached. Fortunate¬ 
ly, with the small compo¬ 
nents used, microphonics 
should not be a problem. 

This preamp (Fig. 15) ex¬ 
hibits a very high gain; I 
would estimate it to range 
somewhere around 100 dB. 
It can drive the daylights 
out of an I.M.386 (and your 
eardrums as well if you use 
headphones). We now have 
plenty of gain for room- 
size-speaker operation, al¬ 
though the three-inch PM 
speaker I've used doesn't 
do it credit. 

Loose Ends 

By now you probably real¬ 
ize that a product detector 
is not tolerant of a noisy 
power supply. Voltage reg¬ 
ulators that appear quiet 
for other uses set up a howl 
when used with this direct- 
conversion receiver and its 
high-gain audio stages. 
Filtering the incoming 
power lead, the power-line 
filter in Fig. 16 cures the 
problem. 

Now add some sort of a 
T/R switch (a DPDT will do) 
to switch for both the rf 
and 12-volt functions. You 
are ready to go on the air. 

Where to next? If you 
have gotten this far you've 
learned plenty about side¬ 
band, mixers, product de¬ 
tectors, and VHF in gener¬ 
al. 50 MHz is just the 
start—see you on the micro- 
waves! ■ 
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way to ship 1200-baud data without wires 
and without the monthly bill from the local 
phone company. Maybe this would be an 


le self-styled organlza- 


One merely miles one s propose! to the 
FCC, WssOington DC 2055a. preferably 
with innumerable US) copies arm the origi 


tion for your dedication to an 
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Keep up the good work! I enjoy your edi- 


inspiring students to study for (heir ham 

gratification syndrome. The only goals 

proaches to detail, but I can't get past the 
immediate gratification problem, it’s 




ie licensing before you st 


r- MOVING? 

Let us know 8 weeks in advance so that you won't 
miss a single issue of 73. 

Attach old label where indicated and print new ad¬ 
dress in space provided. Also include your mailing 
label whenever you write concerning your sub¬ 
scription. It helps us serve you promptly. Write to: 

Subscription Department 

Amateur RaSos P O Box 931 


f « Technical Journal 


If you have no label handy, prim OLD address I 


Address_ 
City_ 


I 




—J 
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AM HELP 



ATTENTION 

-SUBSCRIBERS- 

We occasionally make our mailing list available to 
other companies or organizations with products or 
services which we feel might lx- of interest to you. If 
you prefer that your name lx? deleted from such a list, 
please fill out the coupon fx-low or affix a copy of your 
mailing label and mail it to: 

C.W. Communications/Peterborough 
73: Amateur Radio's Technical Journal 
PO Box 931 

Farmingdale, NY 11737 


.208 20 1300 88 0 

209 21 0000 276 0 

271 4 

260 16 

253 26 

Please delete 
companies or 

Name_ 

my name from mailing lists sent to other 
organizations. 

215 23 2200 257 22 

.217 24 2200 250 24 

242 26 

234 37 

196 52 

Address _ _ 

1.219 25 2100 242 33 

[221 26 2000 231 43 

221 46 

204 52 

1 7 5 54 

153 53 

Cifv 

State Zin 

1225 28 1.900 206 30 

1227 29 1800 186 54 

173 53 

130 42 

117 35 



































from page 4 

this work. With six DXpeditions 
per year, that would call for 
around 70 hams interested in in¬ 
vesting $3,000 each for the trip 
of a lifetime. I know I'd get over¬ 
subscribed if l asked for Japa- 


hams interested in going on 
DXpeditions? 

Where to? Rare spots—per¬ 
haps Iraq, China, Macao, Sara¬ 
wak, Brunei, Sabah, Lesotho. 
Swaziland, Fiji, New Caledonia, 


Western Samoa—there are lots 
of rare spots which are exciting 
to visit. I've been in ali of the 
above and operated from most 
of 'em, so I know they're fasci¬ 
nating places for visiting and for 
DXing. 

You know, if I could get letters 
from at least 50 readers willing 
to sign up for one week of ex¬ 
citement—the memories of a 
lifetime—I'd start setting up 
some trips, getting the portable 
ham gear and the video equip¬ 
ment we’d need to turn out some 
broadcast-quality tapes. Some 
of the going can be rough, so no 
weak hearts or backs, okay? 

How'd you like to get away for 


a week to some out-of-the-way 
corner of the world, yet be able 
to travel on jets and stay at first- 
class hotels? You'd be on the 
hot end of the pileups, keeping 
your log on a picocomputer 
which would automatically 
check for duplicate contacts, 
print the log, and even print QSL 
cards later on! It would also let 
you know how many contacts 
you've made with how many 
countries, how many prefixes, 
zones, and so on. 

No, we won’t be going to 
places where we'll get shot at. 
like Spratly. 

Are you game? 


W2NSD/1 

NEVER SAY DIE 

editorial by Wayne Green 


nese volunteers, but do we have 
even half that many American 
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The object Is to work as many different US 
states as possible on the video mode. All 
contacts must be in video form with a min¬ 
imum of callsign and RSV signal reports 


Art Competition, Wireless Institute o 
Australia, 412 Brunswick Street, Fitzro; 



foot on the peak of my root and the other 
twisted in 600 feet of #12 copper wire. 

At first, 1 thought I would only dabble 
with my new toy on weekends. But soon, 
those idle weekends grew into idle weeks. 


4) The first computer, ENIAC, weighed: 

1) 30 pounds 

2) 300 pounds 

3) 3 tons 

4) 30 tons 

5) Which one of the following companies 

1) General Electric 

2) RCA 

3) Toyota 


Match the computer pioneer on the left 
with his achievement on the right. 

1} Alan Turing A) Data processing 

2) Adam Osborne B) Founded IBM 

3) Thomas J. Wat¬ 
son, Sr. O Analytical engine 

4) Herman Hollerith D) First successful 

portable computer 

5) Samuel Morse E) Silicon chip 


Element 2: 


Now, as l find myself hitting silicon bot¬ 
tom, I turn my attention to my favorite fra¬ 
ternity-radio amateurs. The result is this 


4) LED displays require re- 
51 An RS-232C interface 


How did you do? 

1-20 points—You're clean 
21-40 points—A dabbler 
41-60 points—On the road 
61-80 points-Computer junkie 

73 Magazine • January, 1985 85 





























73 International 


Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign correspon¬ 
dents, we present the latest 
news in DX, contests, and events, 
as well as keep you abreast of 
the technical achievements of 
hams In other countries. 

If you would like to contribute 
to your country's column, write 
to your country’s correspondent 
or to 73: Amateur Radio’s Tech¬ 
nical Journal, Pine Street, Peter¬ 
borough NH 03458, USA, Attn: 
Perry Donham KWIO. 
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Angela IN3XAI In Tunisia. 
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A = Next higher frequency may also be useful. 
B = Difficult circuit this period. 

G = Good, F = Fair, P = Poor. 
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W2NSD/1 

NEVER SAY DIE 

editorial by Wayne Green 



HAM-DAY 

With the electronic, comput¬ 
er, and communications fields 
jumping ahead, American know¬ 
how must really be keeping the 
Patent Office hopping, right? 
Just imagine the wealth of 
American patent applications 
our labs and research firms 
must be making—plus those 
from independent inventors. 

I checked with the Patent Of¬ 
fice to see how things were go¬ 
ing. In 1984, they had 19,677 ap¬ 
plications—a bit less than I'd 
imagined. Of those, only 4,876 
were from Americans. And of 
those, only a small percentage 
were in electronics and commu¬ 
nications—most were consum¬ 
er products. The fact is, most of 
the patents approved during the 
last ten years have been Japa¬ 
nese, not American. 

Amateur radio is one of the 
best high-tech hobbies, so if we 
can interest more people in get¬ 
ting ham licenses, the chances 
are that we’ll eventually get 
more scientists, engineers, and 


technicians—and then more In¬ 
ventions. 

The Japanese strength in am¬ 
ateur radio has helped Japan 
completely defeat America in 
consumer electronics—ham 
equipment, CB, hi-fi, VCR, and 
so on. If we can start generating 
more hams, perhaps we can 
hope someday to catch up with 
Japan. It's going to be tough 
with their starting out at around 
four times as many hams as we 
have, and with half our popula¬ 
tion! 

Okay, how can you help? It 
isn’t enough to sit around wring¬ 
ing your hands and cursing the 
fates—or even cursing the 
League, if you think that they 
brought this disaster upon our 
country, costing us hundreds of 
billions of dollars and seriously 
weakening our defense effort. 
The fact is that YOU can help. 

Ham-Day—March 24th—a 
Sunday. Now, what are you go¬ 
ing to do on Ham-Day? You are 
going to work either by yourself 
or with your local ham club to 
expose as many people to ama¬ 


teur radio as you can. This 
means inviting friends to your 
home and making some con¬ 
tacts so they'll see what is in¬ 
volved. Clubs can organize 
group visits to ham shacks— 
preferably shacks where good 
DX contacts are possible. 

I'm not talking about setting 
up a table in a mall and taking 
messages. I don't think I've ever 
seen a shopping-mall ham demo 
which the general public could 
understand. No, people need to 
see a ham shack in a home and 
be able to talk with either some 
DX operators or even to some 
other similar visitors a few 
hundred or thousand miles 

Now, get on the air and make 
sure that every station you talk 
with knows that March 24th is 
the day—that whether they are 
in Swaziland or Newark, they are 
to plan to be on the air March 
24th and have visitors in the 
shack. Let’s make this the big¬ 
gest visitor’s day in the history 
of the hobby. 

You may want to set up some 
schedules to impress your visi¬ 
tors. Why leave everything up to 
chance? You know the impla¬ 
cable rules of fate as well as I; 
everything will go wrong and 
you'll look like an idiot. Well, 
why not load the dice with some 
skeds? It doesn’t cost extra. 

THE FCC 

Did you miss seeing a copy of 
the article in the Washington 
Post about the Morse code? Pity. 
It was headlined, "Morse Code 
Operators Becoming Relics of 
Past," Makes you really proud to 
be a relic, right? The article 
pointed out that except for a few 
backwaters of communications, 
Morse has been dead for years. 

Continued on page 66 
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EDITED BY PERRY DONHAM KWIO 
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Rocky Road 


A LONG, HARD BATTLE is drawing to a 
close in Burbank, Illinois. In 1982 the Chica¬ 
go suburb of Burbank enacted an ordinance 
that virtually froze ham radio in its tracks. 
Among other things, the ordinance: re¬ 
quired registration of all radio antennas 
(with proof of insurance!, suspended the is¬ 
suance of amateur and CB antenna permits 
for one year, and declared that any interfer¬ 
ence by a transmitter to any device was un¬ 
lawful. with a penalty of up to $1000 for 
each day of violation! After two and one 
half years the city and the personal radio 
community have reached a settlement in 
the form of a Consent Decree, in which the 
city agreed to repeal the offensive legisla¬ 
tion. In its place, Burbank will enact a milder 
form of the ordinance, one that places far 
fewer restrictions on what are recognized 
(ai least in Burbank) as fundamental Consti¬ 
tutional rights. 

India Invite 


LOOKING FOR INDIA ON 75? Then VU2CVP 
and VU2DVP are looking for you. They can 
be found nightly near 3.895 MHz. listening 
down 100 kHz The pair is also available for 
skeds and may be reached via their Call- 
book addresses. 

Bird Heard 


THE MYSTERIOUS SATELLITE that ap¬ 
peared recently in the amateur 13-cm band 
has been identified as not one. but two new 
Soviet early warning systems. W4HHK, 
WB5LUA. and Dick Flagg of the Kittering 
Group tracked down the twin birds, which 
have been identified as Cosmos 1547 and 
Cosmos 1604. Since hams are only second¬ 
ary users of this band, there's not much we 
can do about the problem. Bob Atkins KA1GT 
suggests that the satellites be used as bea¬ 
cons to help test and align ham equipment. 

W8HXR 


JERROLD SWANK W8HXR has passed 
away at the age of 80. Since 1919 he had fre¬ 
quented the amateur bands, constantly giv¬ 
ing of himself to help others in need. His 
station served the victims of earthquakes 
and floods, and. through thousands of 
phone patches, the lonely bases of the Ant¬ 
arctic. Jerry is perhaps best known for his 
book. The Magic ol Ham Radio, in which he 
recounted his many exploits and outlined 


the history of our hobby. The bands will nev¬ 
er be quite the same. 

Nice NARCs 

BILL BURDEN WB1BRE of the Nashua (NH) 
Area Radio Club wrote us a nice note detail¬ 
ing a fundraiser recently completed by his 
group. Bill was one of our “Space Shuttle 
Special" reporters during W5LFL's historic 
flight. Instead of wasting his payments on 
frivolous things like radio equipment, he do¬ 
nated the cash to NARC. which used it as 
seed money for a charity raffle benefiting 
the Shriners Boston Bum Unit. The club 
donated a grand total of $1572 in 1984. Now 
that is community service. 

Hello, Radio 


NEVER SAY DIE goes on the air! We ll be 
pulling W2NSD/1 on the bands every Tues¬ 
day at 2200 UTC. Look for us around 14.255 
MHz and up. We're willing to chat about 
anything you like, but keep in mind that we 
can't discuss business over the air. Of 
course we have QSLs—thousands of them 
—and you can have one for the price of a 
contact. See you on twenty! 

Big, BIG Gun! 


RADIO NETHERLANDS fans will have a 
chance to talk back to their favorite short¬ 
wave broadcaster on February 16th and 
17th. when PA6FLD will be active from 
Radio Netherlands new Flevo transmitter 
site. Just so everyone will be sure to hear 
the station, the hams will be using Radio 
Netherlands' giant curtain array—one of 
the largest directional antennas in the 
world! Plans call for both SSB and CW oper¬ 
ation. beginning at 0600 UTC February 16th 



Ben Akins KB1FJ IleftI presents Ray Palmer 
a check lor $1017. 


and ending at 1800 UTC February 17th. Spe¬ 
cific frequencies have not yet been an¬ 
nounced. but you shouldn't have any trou¬ 
ble finding the station.. .simply tune 
around until your antenna begins to get 

CLASS Act 

CHRYSLER CORPORATION has come up 
with a really CLASSy item. CLASS, or the 
Chrysler Laser Allas and Satellite System, 
uses the government's NAVSTAR satellite 
network to monitor the location of your 
vehicle. By precisely measuring the time it 
takes various signals to reach your car's an¬ 
tenna, the system can determine your vehi¬ 
cle's position to within a few feet. This infor¬ 
mation is displayed as a glowing, moving 



Radio Netherlands' giant Flevo transmitting site. 
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doi on a laser-disk generated map. A micro¬ 
computer automatically changes maps as 
you move from area to area. Incredibly, the 
feature adds just $500 to the price of a new 
automobile! 

Tank You 


"A LITTLE DIFFERENT” is the way Erv Car- 
rigan KA8EKG describes his shack (see 
photo). On the surface. Erv's place looks 
like a typical radio room, with maps and 
flags and modern gear. But it's not on the 
surface, and that is what’s so unusual. Ac¬ 
cording to Erv, “My shack is built In a cis¬ 
tern eight feet under ground, with eight 
inct-.es ol reinforced concrete overhead and 
12 inches of limestone blocks on all sides, 
except where I made a door." Erv's ham 
career started when he was 71 with a Nov¬ 
ice license and continued with a General 
ticket at age 73! His is certainly one of the 
strangest locations I've seen... can you 
top (or bottorni it? 

Generals QSY< 

GENERAL-CLASS OPERATORS can now 
check into AMSAT nets. The frequency has 
been changed to 3.855 MHz. and the three 
nets (east coast, midwest, and west coast) 
still meet at 9 pm local time. 

Brewers 


THE HOMEBREW III JUDGES, weary Irom 
wading through the flood of excellent con¬ 
test entries, have made their decision. The 
winner, and recipient of our $250 Grand 
Prize, is Alan Smith W8CHK for his entry, “A 
Something-for-Nothing Commodore 64 
RTTY Interface. " Look lor Alan's article in a 
future issue of 73. Second place, and a $100 
prize, goes to Kevin Jones KA8RCJ for "The 
Five-Dollar Six-Element Delta Loop." Our 
three runners-up, each receiving a $50 
bonus, are Paul Bunnell KE6VK, Hugh Wells 
W6WTU, and Hank Goldman WA20VG. 
Congratulations, guys! And a big “thank- 
you" to all of those who entered this year's 
contest, making it one of our biggest and 
best ever. 

Ice Ladies 


YLs HAVE INVADED VKO-land. Robyn 
VK9AK will be based at Mawson in Antarc¬ 
tica and Denise VK9YL will be on Macquarie 
for the next year or so. Robyn plans to be ac¬ 
tive on all bands, using VK2DES as her QSL 
manager. We don't have QSL information 
tor Denise yet; we'll pass that along as soon 
as it is made known. 

0X3FS 


73 HAS JUST LEARNED that Finn 
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Erv KABEKG in his subterranean shack 


Steenstrup OX3FS has passed away in a 
tragic accident involving the giant radio dish 
at SRIfGreenland. Finn was instrumental in 
the effort to save the crippled UoSAT-2 
spacecraft, using the super-sensitive SRI re¬ 
ceiving system. By tracking the local-oscilla¬ 
tor emissions of the bird, technicians were 
able to accurately plot orbital data which led 
to the reactivation of the satellite. Ironically, 
it was this antenna that Finn was working on 
at the time of the accident. 

“01U0101" 

A NEW AMATEUR MODE will be offered in 
the very near future by National Communi¬ 
cations Group (NCG). Their |ust-announced 
220-MHz multimode rig features CW, SSB. 
FM, and ...digital audio! That's right, a 
25-kHz-wide digital-audio mode is included 
in a package that runs under $550. Delivery 
is expected in mid-1985. and you can look 
for a preview of the rig at the Dayton bash 
coming up in the spring. 

Glass Fist? 

MORSE SENDING TESTS are optional, ac¬ 
cording to the FCC. The latest set of VEC in¬ 
structions allows for a Morse sending test 
in addition to the required receiving exam. 
The FCC has for many years given only a re¬ 
ceiving test, feeling that this was adequate 
proof of proficiency in the code. Internation¬ 
al law requires sending ability, but does not 
stipulate an actual sending test. 

Just Kidding ■ . . 

DOCTOR DX made a house call recently 
when Mike Lamb N7ML. President ol AEA, 
visited his daughter's class at school. Mike 
introduced the group of 4th, 5th, and 6th 
graders to the wonders of ham radio. Below 
are excerpts from some of the thank-you let¬ 
ters he received (verbatim). 

• “Thank you for taking the time to visit 
us . I would like to be an amicher radio 
man when I grow up.”—David 

• “At the end of your visit I became inter¬ 
ested in being a ham radio operator. Al¬ 
though it would cost a couple houndred dol¬ 
lars it would be fun.”—Steve 

• “Thanks for coming to our classroom 


and talking about how it works, (sorry I for¬ 
got the name of it!)"—Aaron 

• "...you tawght us alot about Morris 
codes...I'm really Interested In being a 

• "Thank you for coming to our classroom. 
Even though I missed the presentation. I 
wanted to see it."—Maret 

• "I thank you so very, very, very, so very 
much. I learned very much about Hand 
Radio Operators. When I grow up I want to 
be a Hand Radio Operator."—Michelle 

As you can see. the kids really enjoy learn¬ 
ing about ham radio! 

Pie Sliding 

THE LAND MOBILE SERVICE has been 
awarded 41 MHz of UHF spectrum. In a re¬ 
cent FCC action, allocations in the 800- 
900-MHz range were divvied up between the 
Land Mobile Service, various broadcasters, 
satellite communication vendors, and the 
US Department of the Interior. It is hoped 
that the allocations will help ease some of 
the pressure from commercial concerns to 
take over the amateur 220-MHz band. 

Spotters Spottedi 

TED PAUCK K8NA wrote to tell us of a DX 
repeater operating in southeast Michigan. 
K8NA/R may be found on 144.53/145.13 MHz 
and is intended for contest spotting and DX 
information. Ted thinks we should compile 
a list of DX repeaters in the form of a direc¬ 
tory. OK, why not? If you have information 
about a DX-oriented repeater in your area, 
send it along to "QRX" and we'll make a 
mini-directory available for an SASE. 

Split Decisio n 


CALIFORNIA'S SOUTHERN TIER might be 
joining many western states in adopting the 
20-kHz two-meter repeater band plan. With 
their backs to the sea and with surrounding 
states already implementing the plan, the 
Southern California Two Meter Area Spec¬ 
trum Management Association has begun a 
feasibility study to determine the effect of 
making the switch. Such a move could force 
northern California repeater systems to fall 
in line with the rest of the Pacific Northwest 
states already using 20-kHz splits. Another 
important state, Texas, will vote on the 
band plan this month. How far to the east 
can the wave roll before hitting a brick wall? 

Thanks! 


DONT FORGET to send in your news items, 
comments, and photographs to “QRX." 
This month we had help from Westllnk, the 
W5YI Report. WA6ITF, WB1BRE, 220 Notes, 
Amateur Satellite Report, and scores of our 
friends who support "QRX" with their cards 
and letters. 















VIC RTTY Resource 

Is your VIC-20 ready for RTTY? 

Make it happen with N5ALE's foolproof software! 


R. L Hudgins N5AL£ 
Rt. 1, Box 1254 
Kountze TX 77625 


T he purpose of this arti¬ 
cle is to provide all the 
information you will need to 
put your VIC-20 computer 
on RTTY and ASCII for very 
little money. The programs 
allow transmit and receive on 
RTTY and ASCII with mes¬ 
sage storage in the RTTY 
program and CW ID in both 


programs The user-port con¬ 
nections are included and 
will work with any interface 
you care to use. 

The introduction of the 
VIC-20 computer spurred a 
sudden growth of interest in 
VHF computer operation 
and the simple ASCII pro¬ 
gram was developed to take 
advantage of that. The RTTY 
program was developed for 
those who don't have 
enough available money to 


T ° P | □□□□□□□□□□□□ 




Fig. 1. This is the view of the user I/O port on the right side of 
the VIC as viewed from the back, with pin descriptions. 
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purchase the more expen¬ 
sive packages but still want 
to run RTTY. 

While no standard has 
been set here in southeast 
Texas, I am hoping that I can 
hook enough people with 
the RTTY program so that 
some will start using 110- 
baud ASCII on VHF, and by 
general use, set ASCII as a 
standard for VHF. The ASCII 
programs take up less mem¬ 
ory and run faster than RTTY 
This makes little difference 
at slow speeds such as 60 
wpm, but as data rates in¬ 


crease and we go to more 
automated modes of com¬ 
munication, it will become 
very important. For those of 
us who never see a program 
or device that can't be im¬ 
proved upon, the program 
description will help, I hope. 

I can't claim that all parts 
of the program were origi¬ 
nal. The CW ID routine is 
modified slightly from a pro¬ 
gram produced by Kinetic 
Designs, 401 Monument Rd. 
#171, Jacksonville, Florida 
32211. The RTTY program 
from Kinetic Designs is very 



Fig 2. This is the view of the connector after the PC board is 
epoxied in between the two rows of pins. The two long ob¬ 
jects at either end are long #6 machine screws. These help 
strengthen the back board and provide good anchors for 
epoxying. Also it may be useful to mark the top and bottom 
of the edge connector with a permanent marker of some 
kind. 








good but requires an 8K number returned in variable 
memory expander I highly RB is 3, which is the Baudot 
recommend their software if code for A, This is then 
you have the extra memory, added to the value in 
It has quite a few extra fea- variable SH, which for let- 
tures. ters is 1, to give you the 

The RTTY program follows fourth character in data line 
a fairly simple outline. Line 1000. This is the number 65, 
numbers 50 through 112 are which is the ASCII code for 
for variable setup. The open A. Lines 160 to 550 print the 
statement opens the RS-232 value on the screen and 
port which is built into the check for transmit speed 
VIC. It also sets the speed change, and CW ID control 
and handshaking for the characters, 
program. In line 110, the The transmit routine 
dimension statement sets starts on line 700. Lines 700 
the heart of the program, through 710 set the heading 
the array that holds the data and speed and check for 
for converting Baudot to control and out-of-range 
ASCII and back again for characters. Lines 715 and 
transmit 718 check to see whether 

The actual receive rou- the character is a letter or 
tine starts on line 130 where figure, transmit the proper 
the get # statement brings in Baudot control character, 
the Baudot code, and if there and set the variable F to the 

is nothing there, it goes to proper value for the data en- 

line 200 to check for key- coding through line 719. 
board input. Lines 140 Line 719 is the reverse pro- 

through 142 convert the cess of the receive function 

Baudot code to a number in line 150. Line 720 is in- 

and check for control char- eluded so that after 72 char¬ 

acters for letters and figures acters are transmitted, a line 
If they are detected, a vari- feed and carriage return are 
able is set and the program transmitted so that the pro¬ 
loops back to get the next gram will be compatible 
character with the older mechanical 

Line 150 is the Baudot-to- Teletypes®. Line number 
ASCII conversion where the 750 actually sends the 
actual value to be printed Baudot character, 
on the screen is looked up in I had thought about stop- 
the data tables. If the pro- ping with the simple trans¬ 
gram is in the letters mode mit and receive sections, but 
and an A is received, the I decided that message 



ASCII program listing 


and CW ID capabilities were you will see some odd sym- 
really needed. The messages bols. The symbol in line 116 
start at line 805. I put a CQ is the shifted clear/home 
call in the first buffer, which key. The heart in line 500 is 
is started by pressing the FI the shifted S; the symbol in 
key. You can substitute any line 530 is the shifted W; the 
message you want there and symbol in line 706 is a 
then continue it in line 806. shifted I; the symbol in line 
Just be sure to keep the mes- 707 is a shifted R, To call the 
sage between the quotes transmit routine, press the 
and end the line with GOTO shift S. The CW ID is shift I 
820. Otherwise, your mes- and the messages are called 
sage will go off by itself and with the FI and F2 keys. The 

never come back. The sec- CW ID and messages are 

ond message buffer is called only reached from the trans- 

with the F2 key and starts on mit routine, and after the 

line 810. It is handled the CW ID, the program returns 
same as the first Don't for- to the receive routine. The 
get the GOTO on 812. speed-change section is 

The call in line number called with shift W from 
2230 is "DE N5ALE." To both transmit and receive, 
change this, replace the When typing this pro¬ 
code between the quotes gram, it will be necessary to 
with "DE your call" in Morse abbreviate all commands 
code, using the period and and use other techniques to 
the minus keys. Also, all save memory. These stan- 
spaces are transmitted, so dard abbreviations are 
be sure to provide a space found in the personal com- 
between DE and the call. puting book that comes with 
As you read the program, the VIC. These are on page 
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133. Another thing that may 
be done to save memory is 
to put no spaces between 
variables and other charac¬ 
ters, even between the line 
number and the statement. 
This will not affect the list¬ 
ing, which will print the 
whole command on the 
screen, but will save some 
memory. 

The program will convert 
to the Pet or CBM computer 
very easily. The only things 
that will present any trouble 
are the POKES and PEEKs. I 
will try to detail all of them 
to make it easier. The first 
POKES are in line 112. These 
are 665 and 666, which are 
for baud control in the 
RS-232 port The next is a 
PEEK in the CW ID routine 
on line 2203. This is 37150, 
which is the interrupt regis¬ 
ter that is checked to see if 
all characters have been 
sent from the RS-232 trans¬ 
mit buffer The value of XM 
is set to 37148 in 2202 and 
POKEd in 2265 and 2360. 
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This address is for the pe¬ 
ripheral-control register The 
value POKEd in the periph¬ 
eral-control register deter¬ 
mines which bit is turned on 
and turned off This is CB2, 
which is the output line for 
the RS-232 port 
The ASCII program is a very 
simple version of the RTTY 
program with only the CW 
ID as an extra feature. The 
speeds are 110 and 300 baud 


and are selected when the 
program is run. Type in 
either 163 or 166 and hit the 
return key. If you desire to 
send graphics, the values in 
line 21 will have to be 
changed so that eight bits, 
not seven, are transmitted. 
This can be done by chang¬ 
ing 163 to 131 and 166 to 
134. Remember, though, 
that this will work only be¬ 
tween two VICs since the 
graphics symbols and their 
ASCII codes are not stan¬ 
dard between computers. I 
doubt if the other comput¬ 
ers will make much sense 
out of what comes from 
your end unless you stick to 
the seven-bit standard 

Both programs have room 
left in them for added fea¬ 
tures. The RTTY program 
has about 500 bytes of mem¬ 
ory left after running. If you 
check the free memory be¬ 
fore running, it will appear 
to have almost 1500 bytes 
left, but this is misleading 
because the open statement 
grabs 500 bytes and the di¬ 
mension statement grabs 
another 500 bytes. The 
ASCII program has even 
more room to add features 
if you desire. 

The connections for the 
interface are detailed in Fig. 
1, but I will go over them for 
clarity. The input to the 
VIC-20 should be on pins C 
and B of the user I/O port; 
that is, C and B should be 
wired together on the con¬ 
nector and then connected 
to the TTL output of the 


interface Pin A is ground 
and should be brought out 
to the interface. Pin M is the 
data line out of the VIC to 
the interface. That's all that 
is needed to connect the 
VIC to the interface Be sure 
to observe the proper orien¬ 
tation of the connector 
when plugging into the com¬ 
puter. Otherwise, the fuse 
will blow inside the VIC and 
your heart will stop I used a 
larger connector from Radio 
Shack and cut it down with a 
hacksaw Before using it, 
though, take a piece of non¬ 
conducting perfboard cut to 
the same length as the back 
of the connector. Slide it 
between the two rows of 
pins on the back of the con¬ 
nector (see Fig. 2) and epoxy 
with nonmetal lie epoxy. The 
five-minute kind seems to 
be okay. Be sure not to 
cover the pins needed to 
solder for the connections. 
This will make it easy to 
plug and unplug the connec¬ 
tor from the computer. 

These programs have 
been running for several 
months now with no prob¬ 
lems. I hope that even if you 
don't now have a computer, 
these program descriptions 
will make it easy for you to 
get on RTTY and ASCII 
when you do get a com¬ 
puter. If you have any ques¬ 
tions or problems, write me 
and enclose an SASE to ex¬ 
pedite a reply. I will try to 
help if any problems arise. If 
you don't feel like typing 
these programs, send five 
dollars for a cassette or ten 
dollars for a disk to cover 
the cost of copying and 
postage. The disks are for¬ 
matted for DOS2.6 on a 
1540 single-disk drive. Send 
to Richard Hudgins, Rt. 1, 
Box 1254, Kountze TX 
77625. 

I would like to thank my 
wife for her patience and 
typing skills and Hulin Smith 
WB5UOI for his suggestions 
and hours of sometimes 
fruitless on-air trials. I'll look 
for you on RTTY There's a 
whole new world waiting for 
you there. ■ 
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lohn H. Phe/ps W2CEF 
3940 Hancock St., Suite 211 
San Diego CA 92110 


Satellite Supremacy 

Sometimes 15 Watts just doesn't cut it with OSCAR 10. 
The solution? Use W2GEF's 60-Watt uplink amp— 
stripline construction makes building it a snap! 


M any hams who have 
followed the home- 
built transverter route for 
OSCAR 10 have wound up 
in the 10-25-Watt output 
range and feel a little under¬ 
powered. You can build an 
effective, low-cost amplifier 
to get a good solid signal in¬ 
to the satellite without feel¬ 
ing guilty about robbing 
transponder power from the 
other guy. With 60 Watts 
and a net gain of 10 dB (an¬ 
tenna gain less feedline 
loss), the effective radiated 
power will be 600 Watts. 
This level will result in a re¬ 
ceived signal which is about 
the same strength as the 
145,810-MHz beacon. 

Design 

The amplifier uses a Mo¬ 
torola Semiconductor 
MRF-648 rf power transistor 
characterized as a 60-Watt 
device (power output) at 470 


MHz. This power level is 
reached, typically, with an 
input of 19 Watts and a 
12.5-volt collector supply 
voltage. Power gain is slight¬ 
ly higher at 13.6 volts. 

Design of the amplifier 
began with an examination 
of the MRF-648 test circuit 
in the Motorola R.F. Data 
Manual. This circuit closely 
resembles the designs of 
several commercial units 
and was considered a pretty 
safe way to do the job. Un¬ 
fortunately, it uses rather ex¬ 
pensive and hard-to-get ca¬ 
pacitors and has four tuning 
adjustments. 

In the interest of low cost, 
ease of construction, and 
simple adjustment, an am¬ 
plifier was designed using an 
approach which features a 
single input- and a single 
output-tuning adjustment 
and a minimum number of 
fixed capacitors. Low-power 



linearity is improved by a 
simple bias circuit which 
stabilizes against thermal 
runaway and idles the am¬ 
plifier at 150 mA collector 
current. 

The MRF-648, at a power 
output of 60 Watts and a 
collector supply voltage of 
12.5 volts, has a series-equiv¬ 
alent input impedance of 
0.82 + j3.3 Ohms and re¬ 
quires a series-equivalent 
load impedance of 1.07 + 
j2.7 Ohms (this is the conju¬ 
gate of the load impedance 
into which the device oper¬ 
ates). So input and output 
matching networks are re¬ 
quired to perform a transfor¬ 
mation from a 50-Ohm resis¬ 
tive source and load (the 
amplifier's input and output 
impedance) to these imped¬ 
ances. 

One way of doing this is 
to use quarter-wave trans¬ 
mission lines with variable 
capacitors in series to can¬ 
cel the inductive compo¬ 
nents of the input and out¬ 
put impedances. This re¬ 
quires input and output 
transmission-line character¬ 
istic impedances in the six- 
to-seven-Ohm region. These 
lines are too wide to fit the 
base and collector tabs of 
the transistor without re¬ 
moving material to avoid 
shorts and also results in 
high currents in the variable 
capacitors. A better scheme 


is to represent the input and 
output impedances by their 
parallel-equivalent values, 
then cancel the reactances 
with an appropriate parallel 
variable capacitor. Line 
widths fit the transistors 
nicely, capacitor currents 
are reduced, and layout is 
considerably simplified. 

The input circuit consists 
of a quarter-wave transmis¬ 
sion-line transformer which 
transforms the SOOhm in¬ 
put to match the low (.81- 
Ohm series-equivalent) value 
of the real part of the tran¬ 
sistor input impedance. The 
parallel equivalent of the in¬ 
put resistance is 13.9 Ohms, 
so a transmission line Zq of 
about 26 Ohms is needed, 
and a parallel capacity of 
about 100 pF cancels the 
equivalent parallel induc¬ 
tive reactance of the transis¬ 
tor input impedance. A simi¬ 
lar schema in the output 
calls for a shunt-tuning ca¬ 
pacitor of about 120 pF and 
a quarter-wave transmission 
line of 19 Ohms. The dimen¬ 
sions, using glass-epoxy 
board, are reasonable (3.4- 
inch length for the input line 
and output lines). Dielectric 
losses are small at the low 
impedances involved and 
no attempt was made to use 
more expensive, hard-to-get 
materials. 

The input- and output-tun¬ 
ing capacitors are garden 
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through the board to top 
and bottom foils at the indi¬ 
cated locations. They are es¬ 
sential to proper operation 

Now add the transistor, 
the Arco capacitors, and the 
remaining components in 
that order. Use care to en¬ 
sure that there are no shorts 
from the collector and base 
tabs to the emitter tabs 
through the transmission 
lines at the points where the 
lines are beveled. Also, 
make sure that the narrow 
transistor tab (the collector) 
is soldered to the output 
(widest) line. A little care¬ 
lessness here cost me a tran¬ 
sistor. 

The inductors, L| and l_2, 
are close wound on a #39 
drill; Cj and C4 are mounted 
on an L bracket with holes 
drilled to clear the center 
feedthrough terminal of the 
button capacitors. Other 
feedthrough types can be 
used. This type of capacitor 
provides a convenient 
mount for Zj and Z j. At any 
rate, both C2 and C3 must be 
low-inductance capacitors. 


Fig. 4. Parts placement. 

The bias diode. D1, lies on 
the face of the transistor top 
and is coated with heat-sink 
compound and pressed down 
for close physical and ther¬ 
mal contact with the tran¬ 
sistor. 

The bias resistor, R2, has a 
value of about 100 Ohms, 
but its best value depends 
on the particular combina¬ 
tion of transistor and diode 
assembled. The power dissi¬ 
pated in the resistor is about 
2 Watts. Four or five 1-Watt, 
470-Ohm resistors paral¬ 
leled will result in 94 or 117 
Ohms and will dissipate 4 to 
5 Watts safely. Resistors can 
be added or deleted until an 
idling current of 150 milli- 
amperes results. 

The output blocking ca¬ 
pacitor must pass about one 
Ampere rms at full power 
and have low inductance so 
that there will be adequate 
range in the output-tuning 
capacitor to achieve output 
match Capacitors in the 
range of 100 to 1000 pico¬ 
farads are acceptable and 
can be a solderable disc (no 


leads) or chip (ATC) capaci¬ 
tor If a mica trimmer is used, 
keep leads short and watch 
out for heating. 

I used BNC connectors at 
the input and output with 
brass shim stock mounts sol¬ 
dered to the lower foil. 
(Note the through-connects 
at input and output) 

Heat-sinking for the am¬ 
plifier is a matter of serious 
concern since about 60 
Watts of heat must be dis¬ 
posed of without causing 
the transistor to exceed its 
short-term and long-term 
upper temperature limits. 
First, choose a black anod¬ 
ized (or black air-drying- 
enamel sprayed finish) heat 
sink; it will require about 
one-fifth the surface area of 
bright (polished) aluminum. 
Surface area is of prime im¬ 
portance so try to find a 
finned sink. The fins should 
be on one surface only so 
that the board and transistor 
can mount on a flat unob¬ 
structed side. The aluminum 
thickness is important and 
should be at least 1/8". Air 


flow along the fin grooves 
should be ensured. The sink 
I used is 1/4" thick at the 
transistor, has fin grooves 
along the long (9") dimen¬ 
sion, and is 6" wide. The 
grooves (fins) are 2" deep. 
Don’t be afraid to use an 
oversize sink. If you must go 
undersize, use forced air. 

Filled heat-sink com¬ 
pound provides the best 
thermal conductivity be¬ 
tween the transistor and 
sink, but make sure air bub¬ 
bles are excluded by press¬ 
ing and rotating the tran¬ 
sistor as it is mounted, 

Tune-Up and Operation 

Before connecting the am¬ 
plifier to a source of drive 
power, make sure that the 
driver has a series blocking 
capacitor. In the rare cases 
where there is no dc block¬ 
ing capacitor, one will have 
to be added. 

A 50-Ohm dummy load 
should be connected to the 
output connector. Most 
dummy loads available to 
amateurs are not purely re¬ 
sistive and some are not us¬ 
able at 70 cm. The new 
Heath "Cantenna" advertises 
an swr of less than 1.5:1 
at 450 MHz. A lightly cou¬ 
pled diode probe can be 
used to indicate relative 
power. 

If you have a VHF direc¬ 
tional coupler, use it for a 
relative power indicator 

Apply about 10 Watts of 
drive and peak the input 
trimmer for maximum pow¬ 
er, reduce drive to cut the in¬ 
dicated power reading by 
about half, and tune the out¬ 
put trimmer for maximum. 
Further reduce the drive and 
re-peak the input. Touch up 
the output at full drive and 
you are ready to connect to 
the antenna For maximum 
stability and safest opera¬ 
tion of this amplifier, the an¬ 
tenna and feedline combi¬ 
nation should present a load 
close to 50 Ohms resistive, 
which means an swr close to 
1 Make antenna adjust¬ 
ments at reduced power and 
operate with an swr of less 
than 1.5.1 


C1-2 16-150-pF Arco mica trimmer 

C3-4. 

C7 1000-pF low-inductance button, mica, or chip 
C6 500-pF chip 

C5 1-uF tantalum 

U 10 turns #26 AWG on 

L2 10 turns #20 AWG on 

21 , Z2 Small ferrite bead 

Z3 Large ferrite bead 

R1 7.5 Ohms, 1/2 Watt 

R2 Selected—see text 

D1 1N4001 

MRF-648 power transistor. 

Glass-epoxy board material—dielectric approximately .050” 
thick —double-clad copper 

CS— Circuit Specialists KCS Electronics Corp. 

PO Box 3047 1043 N. Stadem Dr. 

Scottsdale AZ 85257 Tempe AZ 85281 


R.F. Parts Co. 
1320 Grand 
San Marcos CA 92 
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James L Patterson OA1CVKB5LF 
PO Box 123 
■\PO NV 091K) 


CB to Six 

Why stop at 10 meters? KB5LF's Hy-Gain conversion 
will take you to VHF just as easily. 


S everal years of convert¬ 
ing CB sets to ten meters 
makes one really appreciate 
the built-in ability of these 
little rigs. Those of us who 
are operating them now on 
single sideband or FM can 
attest to their stability, sensi¬ 
tivity, and clean output. It 
was for these reasons I be¬ 
gan experimenting with the 
possibility of converting a 
CB to six meters Since I had 
several Hy-Cain boards on 
hand, that's what I selected 
for conversion. 

My basic criteria for a 
successful conversion were: 

a) Simplicity —The con¬ 
version should be no more 
difficult than to ten meters. 

b) Quality—The receiver 
should maintain its original 
sensitivity/selectivity; addi¬ 
tionally, the transmitter out¬ 
put should be very clean! 

c) Cost—I firmly believe 
a conversion loses its appeal 
when the price is too high or 
when exotic parts are used 
and can't be easily obtained. 

After the conversion was 
completed, I felt that the cri¬ 
teria had been met. The lit- 
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tie rig operates beautifully 
on six meters! 

My objectives in writing 
this article include: 

a) Offering specific infor¬ 
mation to convert the Hy- 
Gain board to six meters. 

b) Giving enough general 
information to allow you to 
begin converting the CB of 
your choice 

c) Increasing the use of 
our six-meter band. 

1 must tell you in the be¬ 
ginning that 1 will not de¬ 
scribe the hookups required 
to make the board operate 
nor specifically detail FMing 
the rig I’ll just refer you now 
to the many excellent 73 ar¬ 
ticles that have detailed this 
part of the conversion. Your 
main obstacle to six-meter 
operation is moving the ra¬ 
dio from eleven meters AM 
to six meters AM. Sideband- 
ers, take note—I'll not 
forget you, either. Your con¬ 
version may also be surpris¬ 
ingly simple 

Examine the basic block 
diagram of Fig. 1. To move 
any CB in frequency, the 
master frequency source 


(vco, crystal synthesizer) 
must be made to operate at 
a new frequency We know 
from our ten-meter conver¬ 
sions that we must increase 
the frequency. The question 
is, how much? Keep in mind 
that, generally speaking, the 
master frequency source 
(vco, synthesizer) of most 
CBs does not change fre¬ 
quency between transmit 
and receive. If we can deter¬ 
mine the correct vco fre¬ 
quency to inject into the 
first receive mixer, we will 
also have found that this 
same frequency is used for 
transmit. 

Refer again to Fig. 1. 
Three incoming frequencies 
are shown. The first is an in¬ 
coming original CB frequen¬ 
cy; the second is a 10-meter 
FM frequency; the third is a 
new frequency in the six-me¬ 
ter band. Note also that 
these frequencies are in the 
center of their respective 
bands The frequencies gen¬ 
erated by our master fre¬ 
quency source that mixes 
with the incoming signals is 
also shown. Let’s examine 


how the master frequency is 
determined. 

If we examine Fig. 1, we 
see that a 27.185-MHz signal 
is amplified by one or more 
rf stages before it is mixed 
with the master frequency. 
During the mixing process, 
the first i-f frequency is se¬ 
lected. In our case, the first 
i-f frequency is 10.695 MHz 
In almost every case, the re- 
ceive-mixer circuitry selects 
the difference frequency. 
Our equation: 

For 11-meter operation — 
master frequency = incom¬ 
ing frequency + first i-f fre¬ 
quency = 27.185 MHz + 
10.695 MHz = 37.880 MHz 

For 10-meter operation — 
master frequency = 29,600 
MHz + 10.695 MHz = 
40 295 MHz. 

For 6-meter operation — 
master frequency = 52.525 
MHz + 10.695 MHz = 
63.220 MHz. 

The equation in a differ¬ 
ent form: master frequency 
— incoming frequency = 
first i-f frequency. 

If your particular radio 



uses a different i-f frequency 
(10 7 MHz, 7 8 MHz, etc ), 
change the i-f frequency in 
the formula and crank out 
the new master frequency. 
During the change to 10 FM, 
the Hy-Gain's vco frequency 
was increased about 2.5 
MHz, an increase of approx¬ 
imately 6%. This change is 
not excessive There is 
enough adjustment range in 
the circuitry to handle this 
increase in frequency. Ex¬ 
amining the percent change 
from 11 to 6 meters, we find 
that increasing the vco fre¬ 
quency from 37.880 MHz to 
63,220 MHz involves in¬ 
creasing the frequency ap¬ 
proximately 25 MHz. The 
percent change in frequen¬ 
cy is approximately 67%. 
This is asking too much of 
the circuitry. Without major 
modification to the vco cir¬ 
cuitry, it will not operate in 
the 60-MHz region. 

Any time two frequencies 
are injected into a mixer, 
many different frequencies 
are produced in the output 
Of special importance are 
the sum and the difference 
frequencies. The tuned por¬ 
tion of the mixer's output 
will determine which of 
these two frequencies is em¬ 
phasized. As an example, us¬ 
ing Fig. 1, 27.185 MHz and 
37 880 MHz are injected in¬ 
to the first mixer. The sum of 
these two frequencies is 
65 065 MHz The difference 
is 10 695 MHz, the frequen¬ 
cy of interest In our case, 
the mixer selects the differ¬ 
ence frequency The reader 
may verify the frequencies 
used for 10-meter operation. 
Note that in both 10- and 
11-meter operation, the 
master frequency is higher 
than the incoming frequen¬ 
cy; hence the term high-side 
injection. 

There is another frequen¬ 
cy that will mix with the 
37 880-MHz signal to pro¬ 
duce the 10.695-MHz out¬ 
put. In this case, a 48.575- 
MHz signal mixed with the 
37 880-MHz signal will also 
produce the required 
10.695-MHz i-f output. This 
frequency is called the im- 



Fig. 7. Hy-Cain CB block diagram. 


age frequency and will be ate properly in the 42-MHz MHz is selected by the use 

detected if allowed to enter range. I'll briefly describe its of the low-pass filter (C108, 

the mixer. Fortunately, the operation and then recom- L101, etc.). A mixer buffer 

designers incorporated the mend a replacement for the (Q103) follows to ensure 

proper circuitry beginning at original crystal that the PLL02A does not 

the antenna input and in the The 10.240-MHz oscilla- load the circuitry and gives 

rf amplifier stagefs) to reject tor is fed into pin 3 of the additional gain to the 

the image frequency. If you PLL02A chip. It is internally 2.24-MHz signal, 

desire, you can determine divided by 1024 to give us a Assuming the vco is oper- 
that the image frequency on reference frequency of 10 ating exactly on 37.660 
10 meters falls within the kHz. This means that our MHz, a signal of 2.24 MHz 
6-meter band. channel spacing will also be will appear on pin 2 of the 

The problem I had to 10 kHz. Notice also that the PLL02A. If the programming 
solve was on what frequen- 10.240-MHz signal is sent to pins (7 through 15) on the 
cy must the master frequen- the receiver section and PLL02A are set to divide by 
cy source operate to receive mixed with the 10.695-MHz 224, a 10-kHz signal (2.24 

a 52.525-MHz signal and i-f, resulting in a second i-f MHz -5- 224 = .010 MHz) 
produce a 10.695-MHz out- frequency of 455 kHz (10.695 will be generated. This is ex- 
put. I rejected using the — 10.240 = 455 kHz), actly the same frequency as 

63.220-MHz frequency as The vco frequency of the reference. The system is 

described above. I elected 37.660 MHz (CB channel 1) is said to be "phase-locked." If 

to run the master at 41 830 fed to both the receiver and the vco tries to change fre- 
MHz. Again, the difference transmitter sections of the quency or programming to 
frequency (52.525 MHz — radio. Since we are dealing the PLL02A changes, the fre- 
41.830 MHz) gives us the re- with a PLL circuit, this fre- quencies generated internal 
quired output from the mix- quency must be fed back to to pins 2 and 3 will no longer 
er. This mixing scheme is the PLL02A chip and com- be identical. The PLL02A 
called low-side injection be- pared with the reference fre- senses this and changes its 
cause the frequency of the quency (10 kHz) to see if any output voltage across the 
master is lower than the in- change in frequency is need- varactor diode (D101) to 
coming frequency. Using ed. Since the PLL02A has an steer the vco to a condition 
41.830 MHz as the master upper limit (at pin 2) of ap- where again both signals in¬ 
frequency will allow the re- proximately 3 MHz, some ternal to pins 2 and 3 are 10 
ceiver to also detect a method of mixing the signal kHz. For you that experi- 
31.135-MHz signal (the im- down to less than 3 MHz is ment, I have found that by 
age frequency) if our tuned needed. This is the reason changing crystals and retun- 
circuitry at the input will al- why the 11.8066-MHz oscil- ing the vco coil (T101), I 
low it to pass. We will cure lator/tripler is in the circuit. could lock the loop from 
any image frequency inter- In Fig. 2 we see the about 28 to 48 MHz. Not 
ference in this conversion. 11.8066-MHz frequency be- bad for this little circuit! 

The modification to 6 me- ing tripled to 35.4198 MHz. I wanted the mid-band 
ters of the Hy-Gain vco is ex- The tripling occurs within frequency to be 52.525 
actly like that required for the circuitry associated with MHz, one of the simplex 
10-meter operation (refer to Q105. This frequency is calling frequencies for 6 me- 
Fig. 2). Only the 11 8066- mixed with the 37.660-MHz ters. I knew the vco would 
MHz crystal need be changed signal from the vco, and the probably be capable of 
and the vco retuned to oper- difference frequency of 2.24 maintaining lock over a 
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Fig. 3. Hy-Cain receiver front end. 


540-kHz range. Therefore, I 
subtracted 270 kHz from 
52.525 MHz to give a chan¬ 
nel 1 frequency of 52.255 
MHz (PLL02A set to divide 
by 224). The high end fre¬ 
quency would be at least 
52.795 MHz. 

If channel 1 was to be 
52.255 MHz, my only prob¬ 
lem was to decide what 
crystal frequency was nec¬ 
essary such that when it is 
first tripled and then sub¬ 
tracted from the vco fre¬ 
quency, the difference 
would be 2.24 MHz. Using 
our low-side-injection 
scheme. 52.255 MHz minus 
the vco frequency should 
equal the 10.695 i-f frequen¬ 
cy. With scratch paper 
handy, a quick calculation 
gives us a channel one vco 
frequency of 41.56)0 MHz. If 
we now subtract 2.24 MHz 
from 41.560 MHz. we will 
have the oscillator frequen¬ 
cy in tripled form This sub¬ 
traction yields 39.320 MHz, 
Dividing this by 3 yields the 
correct oscillator frequency 
of 13.1066 MHz. If you use 
another division scheme or 
elect to cover a different 
portion of the band, all num¬ 
bers must change accord¬ 
ingly Any of the crystal 
manufacturers can supply 
you with the correct crystal 
if you specify the make/ 
model of CB and the old/ 
new crystal frequencies. 
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When the new crystal 
(13.1066 MHz) arrives, in¬ 
stall it in place of the 
11.8066 crystal and begin 
the vco alignment. Access 
to a frequency counter and 
a good oscilloscope are re¬ 
quired for proper alignment. 

I won't detail the vco align¬ 
ment procedure as this is 
covered in the Photofact 
and in many of the articles 
appearing in 73 A few 
words of caution may pre¬ 
vent problems: 

a) All oscillators must be 
on frequency. 

b) On some of the boards 
there are two positions of 
the vco coil slug that will 
give you a 1.5-volt reading. 
Only one is correct. If 
you've selected the wrong 
one, the vco will not track as 
the channels are advanced 
Other radios may exhibit 
this same problem. 

c) Ensure that the vco 
does not change frequency 
when the transmitter is 

d) Ensure that Till is set 
for maximum. Much of the 
performance depends on it. 

One last word on PLL cir¬ 
cuits may aid those of you 
who will convert a different 
radio. If you follow the low- 
side-injection scheme, you 
will keep the vco operating 
near the original design fre¬ 
quency. This greatly simpli¬ 
fies the conversion! 


Receiver Conversion 

Once again referring to 
Fig. 1, it is seen that once the 
signal passes the first mixer, 
we are into the i-f frequen¬ 
cies. I might as well tell you 
now that no modifications 
are required beyond the in¬ 
put to the first mixer! In sim¬ 
ple language, once the de¬ 
sired signal is into the first i-f 
stage, the radio couldn't tell 
you if the original incoming 
frequency were 27 MHz or 
the new 52-MHz signal. 

Fig. 3 shows the Hy-Gain 
input circuitry from the an¬ 
tenna through the first and 
only rf amplifier stage (mi¬ 
nus a few parts). If you are 
converting a different CB, it 
will probably surprise you to 
find your input circuitry 
very similar to the one 
shown. Disregard for now all 
the components from the 
antenna connector through 
LI09. We will work with 
these later. Our concern will 
be with Cl 54 and the coil 
which is the primary of 
transformer T104. A grid-dip 
meter will verify that this 
combination is resonant in 
the 11-meter band. There is 
enough tuning range in the 
primary coil to tune 10 me¬ 
ters, but not enough to tune 
6 meters. Changing Cl 54 
from 27 pF to 10 pF will let 
this combination resonate in 
the 52-MHz region. 


Fig. 3 also indicates a 
tuned-collector output 
which is coupled into the 
base of Q115, the first re¬ 
ceive mixer, Since the ca¬ 
pacitor is inside the can, 
T105 must be removed and 
the capacitor leads clipped. 
There is no need to remove 
the capacitor from its seat 
inside the can. Just be sure 
that the leads are trimmed 
so they do not touch any¬ 
thing. Be careful unsolder¬ 
ing the can or you may dam¬ 
age the foil trace. This is 
good practice as this same 
bit of surgery will be re¬ 
quired a time or two in the 
transmitter section. Install 
an 18-pF capacitor across 
the primary terminals on the 
foil side of the board. 

A basic tune-up can now 
be accomplished using the 
receiver alignment instruc¬ 
tions supplied in the Photo 
fact. Don't expect the re¬ 
ceiver to be extremely sensi¬ 
tive, as we have not yet cor¬ 
rected the majority of the in¬ 
put circuit. You will get 
enough signal through to 
satisfy yourself that the re¬ 
ceiver is now on 6 meters. 
Don't forget to use a mid¬ 
band frequency for the 
alignment. 

The receiver conversion 
for a different radio will 
closely parallel this discus¬ 
sion. A few tips may save 
you some time and effort: 

a) Performance-test the 
CB prior to conversion. Re¬ 
cord signal levels. Be sure 
these levels exist after the 
conversion. 

b) You will have to grid- 
dip the transformers to find 
the correct value of capaci¬ 
tance for resonance. 

c) Examine the general 
specifications for the tran¬ 
sistors in the front end of the 
receiver (Q114 and Q115 
were questioned in this 
case). Hy-Gain used two 
transistors which have a 
large bandwidth (F,) and 
high current gain (hf e ). If you 
will look these up in a tran¬ 
sistor manual, you will see 
what I mean. Examining sev¬ 
eral CB schematics did not 








Fig. 4. Hy-Gain transmitter block diagram. 
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Fig. 5. New driver/final circuitry (simplified). 


reveal a problem here, but 
it's worth checking. 

d)Any time you modify 
the capacitor values in a 
tuned circuit to change the 
resonant frequency, the val¬ 
ue of capacitance found is 
only approximate. You may 
need to change the value 
slightly in the actual circuit. 
This is due to the dynamic 
loading effect when a circuit 
is in operation. 

Transmitter Conversion 

Fig. 4 shows a block dia¬ 
gram of the Hy-Gain trans¬ 
mitter section. Also shown 
are the vco frequencies for 
both an original CB frequen¬ 
cy and a new 6-meter fre¬ 
quency, Since the vco is al¬ 
ready on frequency, all that 
remains is to modify the cir¬ 
cuitry following the mixer. 

In the case of the CB fre¬ 
quency generated (26.965 
MHz), the filter (LI03, LI04, 
and T102) selects the differ¬ 
ence frequency (37.660- 
10.695 = 26.965 MHz) After 
conversion, LI 03, LI 04, and 
T102 will select the sum fre¬ 
quency (41 560 + 10.695 = 
52.255 MHz). 

Remove LI 03, LI 04, and 
T102 one at a time Remem¬ 
ber which one goes where so 
there is no confusion when 
they are reinstalled. The fol¬ 
lowing steps will allow these 
cans to select the sum 
frequency: 

a) Remove Cl 24 (100 pF). 
Remove the small capacitor 
internal to L103. Reinstall 
LI 03 and solder a 33-pF ca¬ 
pacitor across the same pins 
the original capacitor was 
across, on the bottom (foil 
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side) of the board. Be sure to 
keep the capacitor leads 
very short. On this can you 
may simply place the 33- 
pF capacitor in the Cl 24 
location. 

b) Perform step 1 to LI 04. 
Install a 15-pF capacitor 
across the proper terminals 
on the foil side of the board 

c) Perform step 1 to T102. 
Install a 15-pF capacitor as 
in steps 1 and 2. 

d) Remove Cl 41 (68 pF). 
Replace Cl41 with a 39-pF 
capacitor. This is required to 
enhance the impedance 
match into the base of 
Q111. Grid-dipping the sec¬ 
ondary of T102 shows the 
secondary resonant in the 
55-MHz region (with the 
68-pF cap). 

Next remove T103. If you 
glance at the schematic, you 
might wonder why. It would 
appear that since resonating 
capacitor Cl 43 (100 pF) is ex¬ 
ternal to the can, one might 
just remove it and install a 
25-pF cap in its place. This 
will resonate the can in the 
52-MHz region; however, 
the transformer turns ratio is 
now wrong. Examining the 
primary and secondary 
windings of T103 revealed a 
6-turn primary and a 1-turn 
secondary. I could have re¬ 
wound T103, but I had no 
wire that small. I used a 
Vi-inch coil form using an 
8-turn primary and a 2-turn 
secondary. Grid-dip the pri¬ 
mary to find the amount of 
capacitance needed to reso¬ 
nate at 52.5 MHz in the mid¬ 
dle of the coils tuning range. 

Cl 46 (470 pF) is removed 
next. This enhances the im¬ 


pedance match at the base 
of Q112. Now we are ready 
to modify the driver and fi¬ 
nal circuitry. 

Perform the following 
steps: 

a) Remove R203 (560- 
Ohm resistor). 

b) Remove Cl 49 (220 pF). 

c) Remove LI 06. 

d) Remove Cl 53 (82 pF). 

e) Install a 68 pF capaci¬ 
tor in place of Cl 49 that you 
have just removed. 

f) Examine L106. We must 
lower its inductance by re¬ 
moving 2 turns. It looks fac¬ 
tory formed, and it is. Locate 
the low side of the coil. Us¬ 
ing a sharp carpet knife or 
similar instrument, you can 
cut the wire leg loose. The 
wire can then be unwound. 
Remove 2 turns and form a 
new leg for the coil. As a 
guide, the reactance of the 
coil should be 25 Ohms at 
52.5 MHz 

g) Remove Cl 51 (100 pF) 
and install a 220-pF cap in its 
place. 

h) Remove L109. Remove 
enough turns to give 33 
Ohms of reactance at 52.5 
MHz. Its inductance should 
be .1 uH. 

i) Remove R132 (47k 
Ohms) and Cl 52. Replace 
Cl 52 with a 150-pF cap. Re¬ 
place R132 with a 22-pF cap. 

j) Remove L110. Remove 
2 turns. It should now have 
.1 uH inductance. Reinstall 
L110. 

k) Remove C602 on the 
foil side of the board (if in¬ 
stalled). It's attached be¬ 
tween board ground and the 
antenna side of L110. Re¬ 
place it with a 25-pF cap. 


l) Additional filtering is 
needed to doubly ensure a 
clean output. A pi-filter will 
now be installed going from 
point 5A on the circuit 
board to the antenna termi¬ 
nal. Install an airwound coil 
similar in size to L116 be¬ 
tween the board's output 
(5A) and the center of the an¬ 
tenna connector. I used an 
extra L116 off a broken Hy- 
Gain board and removed all 
but 3 turns. If you fabricate 
your own coil, the induc¬ 
tance should still be .1 uH. 
Install two 25-pF caps. One 
should be installed from the 
center of the antenna con¬ 
nector to chassis ground. 
The second cap should be 
installed from either point 
5A or 5B to chassis ground. 

m) We are now almost 
finished. Remove Q112 and 
replace it with Q113. Obtain 
a 2SC1307 transistor to use 
in the final. The original 
Q112 (2SC1760) does not 
have enough gain in the 
50-MHz range. If you are 
converting a different CB, 
be sure to check the perfor¬ 
mance of the transistors. Af¬ 
ter completing the above 
steps, your circuit should 
look like Fig. 5. Notice I did 
not show R129, LI 05, L116, 
LI08, etc. These remain 
unchanged! 

You can now perform the 
alignment of the transmitter 
using the steps listed in the 
Photofact. As other authors 
have said, the alignment of 
LI 03, LI 04, and T102 is 
critical! 

By using single-pole, sin¬ 
gle-throw switches to pro¬ 
gram pins 1 through 15 of 
the PLL02A, you can expect 
at least 1-MHz band cover¬ 
age. My conversion gave me 
about 1.1 MHz, but the rec¬ 
ommended voltages were 
not followed at the edges of 
the band. The vco, however, 
remained very stable over a 
voltage range of .9 to 4.5 
volts. Average transmitter 
output averaged 3 Watts 
across the band, and its out¬ 
put is very clean. 

The standard FM tech¬ 
niques can now be applied 





exactly like the conversions 
to 10 meters. 

Several improvements can 
be added to enhance the ca¬ 
pability of your conversion: 

a) The standard bells and 
whistles that have been used 
with the 10-meter conver¬ 
sions (Delta-tune, scan, fre¬ 
quency programming, wide 
audio filter, etc ). 

b) Repeater offset may 
deserve some special men¬ 
tion. I have discovered that 
by switching transmit off¬ 
set crystals, I could achieve 
up to 400-kHz offset with¬ 
out problems. If you elect 
to install the offset, please 
note that a 400-kHz split is 
not possible across the en¬ 
tire band. If you exceed the 
frequency limits on trans¬ 
mit or receive, the vco will 
lose lock 

I think you will find that 
many other used CBs oper¬ 
ate using this same scheme. 
Many are practically iden¬ 
tical! I hope this article 
heats up some soldering 
irons and sharpens a few 


pencils I am sure the circuit¬ 
ry presented here can be 
improved 

For those of you interest¬ 
ed in converting an SSB CB, 

I recommend staying away 
from those radios whose vco 
operates in the 19-MHz 
range. They can be modi¬ 
fied, but the conversion is 
much more difficult. Select 
one that operates in the 
38-MHz range and utilizes a 
fairly high first i-f. If you do 
this, you can be reasonably 
sure it will convert. As a bo¬ 
nus, the SSB generating cir¬ 
cuitry prior to the transmit 
mixer will require no 
modification. 

Completing this project 
confirmed my belief that 50 
MHz is possible from a CB. I 
will be happy to answer any 
questions concerning this 
conversion if you will send 
an SASE I'll send my recom¬ 
mendations on any other CB 
conversion to 6 meters if 
you will send me a copy of 
the schematic. Let’s use our 
six-meter band!® 
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Cortland f. Richmond KA5S/1 

54A Elm Street 

North Andover MA 01B4S 


Future Schlock 

The strange tale of the KA5S experiment 
Was he a genius or a madman? 


P art I: The Genesis of an 
Idea— 

When I first started my ex¬ 
periments, I had no idea 
they would lead me to such 
arcane conclusions. Like 
many others, I was just curi¬ 
ous. And, in true amateur 
spirit, I was determined to 
breadboard my way to 
knowledge. I could not 
know I would be answering 
the question of the Long De¬ 
layed Echo or discovering 
what happened to the miss¬ 
ing OSCARs! 

I began by asking why 
LHCP (Left-Hand Circular 
Polarity) signals could not 
be received by an RHCP an¬ 
tenna. The antennas are all 
but identical, after all; the 
vertical and horizontal ele¬ 
ments line up exactly. And 
so my first experiment was 
to find out just why the ra¬ 
diated wave is not received. 

I started by setting up two 
linearly-polarized, 2-meter 
antennas (3-element beams), 
one vertical, one horizontal, 

3 meters apart From my work 
in the EMI lab I knew this 
was a good distance. It also 
gave 1 meter per element, 
which might simplify the 
subsequent mathematics. I 
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With 300 milliwatts from 
my HT, I was able to adjust 
the antennas so that if I trans¬ 
mitted with one, no signal 
would be received by the 
other. This was exactly what 
theory said would happen! 

In order to make sure that 
there was nothing untoward 
going on, I checked the area 
between the two antennas 
with a simple diode field- 
strength meter, using an un¬ 
tuned loop antenna .05 
wavelengths in circumfer¬ 
ence. There was indeed a 
strong rf field being trans¬ 
mitted. As a further check, I 
ran equal lengths of coax to 
each antenna, feeding them 
both from the HT There was 
still a strong signal in the 
space between them Again, 
all was as expected 

I next added three more 
elements to each antenna at 
right angles to the ones al¬ 
ready mounted, creating 
two miniature, circularly-po¬ 
larized beams. I was careful 
to arrange the phasing so 
that one was right-hand po¬ 
larized, while the other was 
left-handed. Then I repeated 
the above experiment. No 
signal was received, just as I 
had been informed. The sur¬ 


prise came when I again 
checked the area with my FS 
meter. Sending with both an¬ 
tennas, I discovered the sig¬ 
nal disappeared midway be¬ 
tween them! Something rea/- 
ly strange was happening! 

It was obvious I had dis¬ 
covered a hitherto unknown 
phenomenon: Cross-polar¬ 
ized antennas create a dead 
space between them into 
which radio waves disap¬ 
pear. The question was: 
Where do they go? 

P art II: Investigations and 
Fulminations— 

This line of experimenta¬ 
tion had reached a dead 
end. There was no way I 
could pursue the missing rf 
energy. I did not even know 
where it was! 

Some deep thought was 
in order, and I resorted to a 
"thought experiment." (This 
requires no equipment, and 
you can arrange antennas 
anywhere you like.) 

In thinking over the pa¬ 
rameters of my dilemma, I 
recollected that I had creat¬ 
ed a situation in which every 
possible field orientation 
had been represented. 
Could it be that the resultant 


field possessed an orienta¬ 
tion which was 90 degrees 
out of phase with all of 
these? In other words, had I 
created a signal which was 
oriented at right angles to all 
three spatial dimensions? 
This would explain my in¬ 
ability to detect it; I was lim¬ 
ited by the physical struc¬ 
tures possible. And by fol¬ 
lowing this logic, I could ex¬ 
plain where the signal would 
show up again! 

The orientation that is at 
a right angle to the three 
spatial dimensions has been 
called the "fourth dimen¬ 
sion." It is also known as 
TIME. The signals had been 
translated to a different 
time! If I arranged to mea¬ 
sure field strength when the 
rf arrived, I would be able to 
confirm this. But I still faced 
a problem. Did the signals 
arrive before or after I sent 
them, and how much time 
separated the transmission 
and the reception? 

Resolving this question 
turned out to be easier than 
I had expected. It was neces¬ 
sary only to set up the field- 
strength meter, without 
transmitting, and wait for 
the signal. I would transmit 




short (2 second) pulses every 
hour, and see when the 
signals showed up. 

The idea seemed right, so 
I began an exhaustive (and 
exhausting) routine. For 57 
hours I followed my routine, 
sending a pulse ever hour, 
and watching the field- 
strength meter the rest of 
the time Because of the 
time involved, I did not dare 
take my eyes from the 
meter. 

To stay awake, I ate half a 
jar of instant coffee. (I had 
discovered the effectiveness 
of this during Field Day.) By 
not mixing it with water, I 
avoided having to relieve 
myself. I left three bowls of 
cat food out, warned my son 
not to disturb me for three 
days, and commenced. 

Success seemed mine 
very early in the experiment. 
Signals were appearing even 
though I was not transmit¬ 
ting. Unfortunately, I could 
not be sure that they were a 
result of my transmissions. I 
stuck with it. It was 42 hours 


into the procedure when I 
was almost sure I had identi¬ 
fied the time interval, and 
by the 55-hour point I was 
sure. At the 57-hour point I 
fell off the chair 

It was necessary to sus¬ 
pend investigations for two 
days while I slept. A thorough 
statistical analysis could 
follow. 

P art III: Click, click, buzz, 
whirr—Eureka! 

With the data in hand, it 
became necessary to break 
out the calculator. I was try¬ 
ing to find some correlation 
between my transmitted sig¬ 
nals and the ones I had re¬ 
ceived. I had three sets of 
data: the time and frequen¬ 
cy of the received signals, 
and the transmitted signal 
time. A scanner had provid¬ 
ed me with the frequency, 
while the FS meter made 
sure it was strong enough to 
be my signal. 

I had 27 strong, received 
signals. I had been sending 


on a clear frequency, 
146.505 MHz. The received 
signals were clustered 
around 146,520 MHz. No 
doubt they had gained en¬ 
ergy by being translated in 
time (I made a note to my¬ 
self to remember to patent 
this kind of linear translator.) 
By analysis, I found the re¬ 
ceived signals were clus¬ 
tered around 2, 3, and 7 min¬ 
utes before and after my 
pulsed transmissions, and at 
multiples of these intervals. 

The frequency distribu¬ 
tion showed a 3-Sigma dis¬ 
tribution skewed upwards 
from my transmitter, but 
was well within possible 
changes due to time differ¬ 
ences. Since there was a pos¬ 
itive statistical correlation 
of .56 for the time intervals I 
mentioned, I was able to 
conclude that my theory 
was correct, and that I could 
look for return signals both 
before and after sending 
them. I resolved to concen¬ 
trate on the latter case, 
since it was difficult to tell if 


a given signal was mine be- 

P art IV: The Future 
(Long May It Wave) 

As a result of these experi¬ 
ments I am working on a less 
cumbersome apparatus 
than two antennas which 
will allow me to send signals 
into the past as well as into 
the future. By modifying the 
active principle, I expect to 
be able soon to build a time- 
variable receiver as well. 
This will mean I can work all 
the DXpeditions even though 
I missed them before. And I 
won't have to wait for an an¬ 
swer, either, since I will be 
able to adjust the time mixer 
for the exact time at which 
the DX station answered 
(will answer) me. 

The main factor now 
standing in my way is the 
fear that I will be deluged by 
a whole lifetime of DX 
QSOs all at once, and won't 
be able to make any of them 
out! Can anyone help me?B 
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NEW-TECHNOLOGY HIGH-QUALITY 


AFFORDABLE TRANSCEIVERS FOR ALL WINNERS If 


10/160 M 
HF TRANSCEIVER 


40-15-6 M NEW 
TRI-BANDER 


COMPARISON HANDS DOWN 1 


15 M 

15 METER MOBILE 




JUST SLIGHTLY AHEAD! 

4 MEMOBYS - 3 WAY AUTO SCAN, 

DUAL VFO. IF SHIFT. CW-W, 400 Hz 
CW-N 200 Hz. ALL 9 BANDS PLUS 
MARS. BUILT IN AC/DC POWER. SSB. 

CW OR RTTY. I.F. TUNE 3-STEP 
TUNING SPEED, 200 WATT PEP, 
MICROPHONE IMPEDANCE 600-50K 
OHM HAND MIC. INCLUDED 

$ 849.50 


WITH THE QUALITY YOU HAVE 

40.15 AND 6 METERS ARE YOUR BASE 
STATION OR MOBILE WITH AC/DC 
BUILT IN POWER SUPPLY CW-N 200 
Hz OR USB. 2.S0239 ANTENNA CON¬ 
NECTORS, HAND MIC. BUILT IN TVI 
FILTER LITTLE TO NO TV INTER¬ 
FERENCE, 20 WATTS PEP. MARS ON 
40 AND 6 METERS. 

$ 445.50 


ALWAYS LOOKED FOR! 

A GREAT QRP RIG WITH THE BIG RlG 
SIGNAL. 2 WATTS OR 10 WATTS OUT, 
BUILT IN CW SIDE TONE, DIGITAL 
DISPLAY, HAND MIC. TOP MOUNTED 
SPEAKER. MOBILE BRACKET, RIT OR 
FINE TUNE TX&RX. +4KHZ, 21 TO 
21.450 MHz SIGNAL TO NOISE MORE 
THAN 10dB DOWN. 

$ 249.50 
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Robert E Bloom W6YUY 
8622 Rubio Avenue 
Sepulveda CA 91243 


Swr: A Modern Myth? 

From rig to radials, noted expert W6YUY reveals the path 
to a perfect antenna system. Be ready for a few surprises. 


I f you want to know why 
your signal doesn't get 
out any better than it does 
and you would like to find 
out how to improve it, per¬ 
haps this is the information 
you need. 

There are at least two ex¬ 
tremely important areas re¬ 
lating to the construction 
and operation of an antenna 
system where there has 
been either too little or an 
excess of information. I am 
referring to antenna ground 
systems and vswr, respec¬ 
tively. It is my intention to 
furnish information that will 
get you thinking in the right 
perspective so that you can 
attack the problem sequen¬ 
tially and with a knowledge¬ 
able plan of action. This, 
then, is an article on the fun¬ 
damental facts relating to 
how the quarter-wave anten¬ 
na system functions. All of 
the fundamentals and de¬ 
sign theory were developed 
and used successfully by the 
broadcasting industry in the 
early 1930s; little has changed 
since. 

To understand "antenna 
performance," there are a 


few factors one has to ac¬ 
cept from the very outset 

(1) The performance of an 
antenna is an exact science 
and not a hit or miss proposi¬ 
tion. 

(2) Performance is de¬ 
signed and not experiment¬ 
ed into the antenna system 
as a whole. This includes the 
ground system, transmission 
feed system, and the an¬ 
tenna radiator proper The 
efficiency and total perfor¬ 
mance are exactly predict¬ 
able even before a signal is 
ever sent down the line. 

(3) The ham is always 
fighting compromises. They 
are tied to the environment 
(surroundings), geographical 
location, antenna height re¬ 
strictions, and the place¬ 
ment or location of ground 
radials. 

Much of my explanation 
will be related to commer¬ 
cial vertical antennas but 
will apply equally to ham 
applications. The vertical 
has been selected as the 
subject matter as it is easier 
to define ground system per¬ 
formance exactly and its re¬ 
lation to radiation imped¬ 
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ance. Also, it provides the 
opportunity to touch on 
phase-driven arrays. Includ¬ 
ed will be references to 
exact design formulas for 
developing high-frequency 
beam antennas. So let's start 
at the very beginning and 
move on from there. 

The Standard 
Reference Antenna 

One often hears about an¬ 
tenna gain as related to a hy¬ 
pothetical antenna. What is 
this non-real antenna and 
why do we have it? As you 
already know, the National 
Bureau of Standards main¬ 
tains such primary refer¬ 
ences as the volt, Ohm, inch, 
etc. Everything must be re¬ 
lated and have a basic refer¬ 
ence so that all the peoples 
of the world know what 
others are talking about, so 
why not a primary antenna? 

This isotropic radiator has 
to be envisioned out in free 
space, radiating in all direc¬ 
tions equally. The field pat¬ 
tern would be shaped like a 
ball, and the electromagnet¬ 
ic field resulting from a 
drive of exactly one kilowatt 
would have a field strength 
of exactly 107.6 millivolts 
per meter as measured at a 
distance of one mile. (The 
"per meter" indicates that 
the tuned field-strength in¬ 
strument used to make the 
measurement would have a 
pickup antenna of exactly 
one meter in length) 

An isotropic antenna as 


portrayed cannot actually 
be realized since the free- 
space requirement is, if not 
improbable, very impracti¬ 
cal. However, this hypothet¬ 
ical antenna has real value 
as an instrument for deter¬ 
mining the figure of merit of 
all other antennas. The de¬ 
rived field strength is exact¬ 
ing and an antenna's effi¬ 
ciency can thereby be veri¬ 
fied. The primary reference 
standard antenna came into 
common use for antenna 
work during WWII. 

The Doublet Secondary 
Standard Reference 

A second hypothetical 
antenna, one with which 
hams are more familiar, was 
derived from the spherical 
primary standard and is 
known as the doublet or di¬ 
pole in free space. The sec¬ 
ondary standard doublet 
reference is easier to use 
when determining figures of 
merit of ham, broadcast 
and consumer TV, and 
beam arrays here on Earth. 
The dipole in free space 
consists of a very short con¬ 
ductor (mathematically of 
infinitesimal length) having 
a uniform current distribu¬ 
tion. This infinitesimal an¬ 
tenna is universally used in 
developing the radiation 
properties of antennas of 
any configuration. 

Importance of the 
Ground Systems 

The prime consideration 
in the design of any antenna 







is its ground system, but it is 
most significant when con¬ 
sidering vertical systems. It 
doesn't make any difference 
whether they be commer¬ 
cial, ham, fixed, or mobile, 
the ground system deter¬ 
mines not only the efficiency 
but the directivity. Without 
a ground system, the anten¬ 
na feed has no return circuit 
for the drive current, there 
would be no counterpoise, 
no known stable value of ra¬ 
diation impedance, and no 
dependable direction of the 
signal. To say the least, the 
antenna design is a failure 
before it gets off the ground 
Ironic as it seems, there are 
a good many hams who 
skim over this part of the 
construction because the 
laying out of ground radials 
appears extremely difficult 
or out of the question. As a 
result, one can expect only 
questionable results and an 
inefficient radiating device 
at best. 

Construction of Radials 

In order for a single verti¬ 
cal antenna radiator to pro¬ 
duce an electromagnetic 
field of energy that is equal 
in all directions, the ground 
system will have to have a 
radial every three degrees. 
That is 120 radials of at least 
1/4 wave in length. Shock¬ 
ing! For a commercial broad¬ 
cast station this is the mini¬ 
mum required by FCC rules; 
it also is essential if one ex¬ 
pects to control the exact 
shape of the field pattern 
By the use of involved math¬ 
ematical calculations it is 
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possible to design an anten¬ 
na system having any de¬ 
sired field pattern. This, 
however, may require 1, 2, 3, 
or more additional driven el¬ 
ements set in a straight line 
or rectangular configu¬ 
ration. 

Reflections from 
Parasitic Objects 

Commercially, the anten¬ 
na site selected must be free 
of metal power poles, water 
tanks, and smoke stacks or 
the pattern will have a direc¬ 
tion away from the unwant¬ 
ed objects. Metal power 
poles really can foul up the 
pattern beyond control. 
Hams, on the other hand, 
generally do not have this 
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luxurious option. Fortunate¬ 
ly, ham requirements are 
not this stringent, and if one 
is reasonably fortunate, 
there will be as few as three 
or four ground radials as a 
compromise. The fewer ra¬ 
dials used, the more ineffi¬ 
cient the radiated power 
and the less the directive 
control. We will pick up this 
subject again with more de¬ 
tail as we work into it. 

Shaping the Field Pattern 

Assuming a quarter-wave 
vertical antenna that radi¬ 
ates a perfect donut-shaped 
pattern, how does one 
change the pattern shape? 
First a minimum of two or 
three elements or towers 
will be required. For the 
most effective control, all 
elements should be driven. 

There are at least three 
factors that affect the radia¬ 
tion pattern, (1) The electri- 
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cal spacing between towers 
or elements, (2) the ampli¬ 
tude of the drive current to 
each element, and (3) the 
phase angle in degrees be¬ 
tween the currents in each. 
Once the number of ele 
ments and the spacing be 
tween elements have been 
determined those factors 
become fixed, and thereaf¬ 
ter, the only two remaining 
variables are the current in 
each element and the phase 
angles of these currents. By 
manipulating these two pa¬ 
rameters as mathematically 
calculated, it is possible to 
achieve almost any pattern 
shape desired. 

Effect of Unsymmetrically- 
Placed Radials 

In a multi-tower system, 
each with its own ground 
system, some of the ground 
radials from one tower 
could intersect those of the 
adjacent elements but in¬ 
stead are terminated and 
bonded together where they 
meet. (Refer to the illustra¬ 
tion of a partial ground sys¬ 
tem, Fig. 1.) The ground radi¬ 
al systems for each element 
should be the same. If they 
are not, some non-circular 
radiation from a given ele¬ 
ment or tower could result. 
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Fig. 5. Effective field at one mile for one kilowatt (curve A) 
Use for simple omnidirectional vertical antenna with ground 
system of at least 120 radials, 1/4X. 


If, for example, one tower 
has fewer radials in a given 
direction than another, the 
directivity of that tower may 
be impaired due to the in¬ 
creased ground loss on that 
side of the tower. 

Let's examine one of the 
most simple systems, one of 
just two towers or elements. 
(The terms tower, element, 
radiator, and antenna are 
accepted as one and the 
same.) Bear with me on the 
concept of 120 radials as it is 
important. Let's assume that 
the towers are the same 
height and each has an FCC- 
minimum ground system of 
120 radials. Additionally, 
each tower receives the cur¬ 
rent at the same instant. This 
means that there is a zero 
time-phase difference. 

Effect of 

Distance Between Elements 
Measured in Degrees 

Rather than resort to a 
lengthy explanation, let me 
refer you to Fig. 2, which has 
an elliptical pattern resulting 
from a spacing between ele¬ 
ments of a quarter wave, or 
90°. Other illustrations in 
Fig. 2 are for three-eighths 
wave, or 135°, a half wave, 
or 180°, and a full wave, or 
360° spacing Note the 
change in field pattern ef¬ 
fected just by changing the 
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distance between driven ele¬ 
ments. By fixing the spacing 
to, say, one-quarter wave¬ 
length (90°) and varying the 
phase relationship of the 
currents in each element 
(but maintaining equal cur¬ 
rents) we can obtain a wide 
variety of shapes. 

Observe in Fig. 3 the null 
shift as the current phase is 
changed by 120°, 135°, and 
160° respectively. The last 
illustration, Fig. 4, shows 
variations of the pattern 
when a spacing of a quarter 
wavelength is maintained 
along with a phase relation¬ 
ship of 135°, but the current 
ratio is varied from equal to 
2:3 and 2:1. In this example, 
each of the three basic de¬ 
sign parameters was varied 
separately to show how 
each, in and of itself, can 
create directional patterns. 

In proceeding to the de¬ 
sign of a particular pattern 
shape, one may choose to 
use one, two, or all three of 
the basic factors in combi¬ 
nation. I will not go into 
great detail relating to the 
development of specific 
field patterns since this is of 
minimum interest to hams. I 
will leave it to those needing 
further information in this 
area to seek it. My main in¬ 
tent is to impart an under¬ 



Fig. 6. Vertical radiation patterns for different heights of verti¬ 
cal wire antennas (sinusoidal current distribution). 


standing of the various tech¬ 
niques for producing a given 
pattern and what the vari¬ 
ables are that affect the pat¬ 
tern. There does, however, 
remain one other factor of 
great interest to the ham 
and that is the effect of an¬ 
tenna height. 

Relationship of Antenna 
Height to Radiated Power 

The height of the antenna 
as related to its output pow¬ 
er has not been a subject ap¬ 
pearing in ham journals, that 
I know of, yet it is one of in¬ 
terest For example, with a 
single tower of 0.25 wave¬ 
length in height with an in¬ 
put power of 1 kw at its 
base, there will exist a field 
strength of 1% millivolts per 
meter (measured at a dis¬ 
tance of one mile). But for 
this same power fed to a 
5-wavelength element, the 
field intensity measured at 
one mile will be 237 mV/m. 
This is an increase of 41 
mV/m over the quarter- 
wavelength element yet the 
driving power remains un¬ 
changed. Extending the tow¬ 
er to the most effective 
height of 0.625 wavelength 
(5/8A), the tower efficiency 
becomes 274 mV/m for a 
power gain of 2.4 dB, a 72% 
increase in the radiated 
power. Any further exten¬ 
sion of the length produces 
unwanted side lobes and a 
drop in efficiency. 

In all of the above, 
ground radials are at least 
1/4 wavelength. Figs. 5 and 6 


graphically portray the 
above statements. Curve A 
in Fig. 5 illustrates the rela¬ 
tionship between field inten¬ 
sity and the fractional-wave¬ 
length height of an antenna 
radiating a 1-kW signal. 
(Disregard curve B as it does 
not apply to this subject.) 
For the record, most but not 
all broadcast antennas are 
just short of a quarter 
wavelength in height and 
this will be explained when 
we get into "Radiation Im¬ 
pedance," below. 

Rotation of Signal 
Using Fixed Verticals 

In a directional system us¬ 
ing two or more driven 
elements, there is a term 
called "tower line" which is 
the bearing (or direction) of 
the row of towers. It is on 
this line that the field pat¬ 
tern is oriented. With the use 
of four towers arranged in a 
square pattern, one can 
drive any two and change 
the tower line and direction 
at will, a practice often used 
by ham contest operators. 

Radiation Impedance 

This brings us to the 
quarter-wave tower base 
feedpoint. The radiation re¬ 
sistance of an antenna is 
measured at the point of 
maximum current. On a res¬ 
onant antenna, both the 
voltage and current fed at 
this point would be purely 
resistive with neither a ca¬ 
pacitive nor inductive com¬ 
ponent, R + jX D . This is the 










point that many hams re¬ 
gard as the 50-Ohm imped¬ 
ance point, and some try to 
force the issue by placing a 
vswr-indicating instrument 
at the source end and then, 
with some dismay, purchase 
an antenna tuner and pro¬ 
ceed to reduce a 1.6:1 vswr 
or higher to unity. 

Wrong! What they suc¬ 
cessfully did was to provide 
a conjugate match between 
the source impedance and 
the transmission line. The 
vswr is still 1.6 to 1 or what¬ 
ever it was at the onset. 

We will ponder this fur¬ 
ther after first investigating 
the feedpoint impedance of 
a quarter wavelength with a 
ground system of 120 radi- 
als. The actual impedance 
of such an antenna mea¬ 
sured at its base feedpoint is 
36.5 + j22 Ohms. The + j22 
in the impedance value indi¬ 
cates that the antenna is not 
truly resonant but has 22 
Ohms of inductive reac¬ 
tance vectorially added to 
the antenna resistance. The 
indication shows that the 
antenna is somewhat long. 
If the antenna looked like R 
+ jX cr it would be purely 
resistive with neither an in¬ 
ductive nor capacitive com¬ 
ponent, and all of the pow¬ 
er getting into the anten¬ 
na would be effectively 
radiated. 

Let's drop back a bit. 
Broadcast stations using 
quarter-wave radiators do 
not in reality have quarter- 
wave radiators but some¬ 
thing on the order of 0.22 
and 0.23 wavelengths. Reso¬ 
nance actually occurs be¬ 
tween these two figures, and 
at this length the radiation 
resistance is actually 32 + 
or 32 Ohms of pure re¬ 
sistance. I can hear the ques¬ 
tion. "What vswr is that 
when fed with a 50-Ohm 
transmission line?" It's 
1.53:1. Later I will explain 
why it is nothing to worry 
about The commercial sta¬ 
tions don't, so why should 
you? I will also go into the 
effects of reducing the num¬ 
ber of radials in the ground 
system. 
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Fig. 7. Three-tower network with in-phase loads. 


First, there is another 
piece of information of in¬ 
terest You possibly are won¬ 
dering why I always refer to 
broadcast antennas. I do 
this because I am convinced 
that there is much some of 
us can learn from the com¬ 
mercial stations, as they 
have efficient antenna sys¬ 
tems and have been design¬ 
ing them for a very long 
time. For example, here is a 
small tidbit of information 
you can reflect upon possi¬ 
bly when measuring your 
signal at a distance, using a 
calibrated field-strength me¬ 
ter. I previously mentioned 
that a quarter-wavelength 
antenna fed with exactly 
one kilowatt of power pro¬ 
duces a field strength of 196 
millivolts per meter (196 
mV/m) at a mile distance 
from this source. Converse¬ 
ly, should we measure the 
field strength at a distance 
from an efficient antenna, 
we should be able to mathe¬ 
matically calculate the pow¬ 
er in the antenna that radiat¬ 
ed this field strength. The 
distance then is directly pro¬ 
portional to the current 
flowing in the base of the an¬ 
tenna. 

Taking the radiation resis¬ 
tance of 36. 6Q for a 
1/4-wave antenna and using 
basic Ohm's Law, I = E/R 


and P/E and V P R. By know¬ 
ing the field strength of 1% 
mV/m at one mile, we want 
to determine the proportion¬ 
al field strength that one 
Ampere will generate or the 
number of millivolts per me¬ 
ter per Ampere. The propor¬ 
tional formula with values 
plugged in reduces to E = 
1% mV/ VI000 WatLs/36.62 
= 196/5.23 = 37.5 mV/m/ 
Ampere. Solving for the 
total current in 196 mV = 
196/37.5 = 5.23 Amperes. 

According to this, there 
should be 5.23 Amperes 
flowing in the base of that 
antenna one mile from 
where the field strength was 
measured. Stay with me a 
little longer and you will see 
where this could come in 
handy. 

Back here at the antenna, 
let's prove that this really is 
the current in the antenna 
base. This time we will use 
the voltage, power, and re¬ 
sistance as measured at the 
antenna base. We already 
have all of the formulas: E 
= VP/R = V 1000/36.6 = 
191/31 volts, I = E/R = 
191.31/36.6 = 5.23 Am¬ 
peres. That's exactly what 
we came out with in the 
above calculation. We have 
correlation. Taking the final 
step (196 mV/m)/5.23 = 
37.48 or 37.48 mV/m/Ampere, 


which also correlates with 
the figure of 37.5 above. For 
those of you who already 
know this it may have been 
a bore, but for those who do 
not, it was good exercise 
with your calculator. 

FCC Rules 

In the broadcast field, it is 
an FCC requirement that sta¬ 
tions protect the service 
area of others that were 
there on the same frequen¬ 
cies first. Therefore, be¬ 
cause of the longer propaga¬ 
tion at night, some stations 
must reduce power at local 
sunset and some must leave 
the air. Some stations re¬ 
quire such wild field pat¬ 
terns in order to protect the 
area that they may utilize an 
antenna system of 12 or 
more towers laid out in a 4 
X 3 pattern in order to pro¬ 
tect the service areas of oth¬ 
er stations. 

Field-pattern require¬ 
ments are usually drawn on 
a map of broadcast-station 
locations. The math to pro¬ 
duce the required pattern is 
exceedingly involved and, 
even with a fine calculator, 
would require many hours 
or days of time to resolve. 
Therefore, the data is pro¬ 
grammed into a computer, 
and in short order, a multi¬ 
tude of facts, including the 
magnitude and phase angles 
of the driving currents for 
each tower, is obtained. (Ac¬ 
tually, there are only a few 
institutions that will pro¬ 
duce plots—for a fee —and 
there are not too many pro¬ 
grammers able to produce 
the required program for the 
job.) 

Phasing the Currents 

Some ham switch-phased 
arrays use a simple system 
consisting of varying lengths 
of coax cable to phase and 
control the currents feeding 
the elements. For those in¬ 
terested, Fig. 7 is a typical 
schematic of a broadcast 
phasing network used with a 
three-tower system. 

Low Vswr Can Spell Trouble 

I have mentioned that the 



radiation efficiency is af- t 

fected when only a few e 
ground radials are used r 

Let's examine what happens c 
when we use only 15 radials I 
instead of 120. With 15 radi¬ 
als, the ground loss be- 1 

comes approximately 16 
Ohms, and if we remove ad- t 
ditional radials, one at a 
time, the increasing ground 
resistance increases the 
total radiation resistance so 
that we get closer to 50 
Ohms, along with reduced I 

swr. Sounds good? This is 
mistake #2 

When enough radials 
have been removed for the 
ground loss to reach 18 
Ohms, the total radiation re¬ 
sistance will be 50 Ohms for * 
a perfect one-to-one match - 

Most hams become very • 

happy and satisfied when I 

they get to this point. How¬ 
ever, while the swr went 
down, so did the radiated 
power, because now the 
power is dividing between 
the 32 Ohms of radiation re¬ 
sistance and the 18 Ohms of 
ground-loss resistance. Thus 
the radiation efficiency be- : 

comes the radiation resis- 1 

tance divided by the total < 

resistance: \ 

n = Rr(100)/(Rr + Rg) I 

= 32 Cl 001/(32 -t-18) i 

= 64% efficiency j 

Yes, you may have 1 

achieved unity vswr and a ' 

well-matched line but you ' 

are burning up the ground 
with almost one third of I 

your power I refer you at 1 
this point to the very excel- i 
lent series of articles by : 

Walter Maxwell W2DU 
W8XHK, "Another Look at ' 

Reflections," and I encourage 
you to locate the issues and I 

read them. (See References.) < 

Compromise I 

Ground Systems | 

Unfortunately, some of I 

us have to go this route 
when there just is no place 
to put the radials. A ground 
system with only two to four 
radials, although better than 
none, may have a loss resis¬ 
tance as high as 30 to 36 
Ohms, and it is the ground s 

loss that holds the vswr to \ 

38 73 Magazine • February, 1985 


the low value of 1,4 or 1.5:1 
even though the antenna 
may be off resonance and 
over half of your power is 
lost to ground resistance. 

Transmission Line Loss 

One often wonders how 
the pre-WWII ham ever got 
an antenna system to accept 
and radiate a signal. You are 
aware that the vswr indi¬ 
cator wasn't invented until 
after that war. The neon 
bulb was the standard way 
of observing standing waves 
on a line It wasn't all that 
difficult because coaxial 
cable hadn't been invented, 
either The standard trans¬ 
mission line for the ham sta¬ 
tion was 600-Ohm open wire 
separated by six inches us¬ 
ing oak-wood spreaders 
boiled in paraffin wax. The 
vswr on the line was, 
unknown to the ham, more 
often than not 10. 15, or 
even 20:1. But don't feel 
sorry; he probably got more 
signal into the antenna than 
many hams do today. 

Yes, there was always 
some type of tuner between 
the final and the transmis¬ 
sion line, but this usually 
was built-in as part of the 
final amplifier. No. the pi 
network was not a popular 
tuner of the time Well, how 
is it that hams fared so well 
without a wattmeter or vswr 
indicator? 

The easiest way I can ex¬ 
plain it is that the ham of the 
time did not know too much 
nor care too much about the 
standing waves on the line. 
The main issue of concern 
was to keep the rf out of the 
shack and off the micro¬ 
phone, so this usually meant 
adding more transmission 
line to the system in an at¬ 
tempt to get a half wave¬ 
length so that the line would 
look the same at both ends. 
The real truth of the matter 
is that 600-Ohm open line is 
one very good transmission 
system even in today's 
world because the loss on 
the line is exceedingly low. 

The biggest villain is not 
swr at all but line loss. High 
vswr indicates that a sub¬ 


stantial portion of the elec¬ 
tromagnetic energy is being 
reflected back from the 
load to the source, but with 
an antenna tuner one can 
create a conjugate match, 
thus matching the imped¬ 
ance of the source to the 
transmission line. This, con¬ 
trary to popular belief, does 
not change the vswr on the 
line one iota. With low-loss 
lines, the portion of energy 
lost to vswr is exceedingly 
small. Repeating: the thing 
to be concerned with is the 
attenuation loss in the line 
This is the main concern, 
and once you know what 
this loss is then you will 
know how much vswr you 
can stand before the com¬ 
bination gets significant. 

Exactly What Happens 

With swr, some of the en¬ 
ergy will be reflected back 
down the line due to the dif¬ 
ference of transmission-line 
impedance and antenna¬ 
load impedance. However, 
the energy going back to¬ 
ward the source will reverse 
and go back up the line. This 
process may repeat several 
times in a matter of micro¬ 
seconds until all of the en¬ 
ergy reaching the antenna is 
eventually radiated into 
space. With a low-loss line, 
almost all of the energy will 
eventually be radiated. 

Now the villain. With loss 
or attenuation on the line, 
part of that energy is ab¬ 
sorbed on the way back 
down the line and again 
back up the line, and this is 
where the bulk of the loss 
occurs. For example, let's 
say you have 100 feet of 
coax and the loss for the fre¬ 
quency is 3 dB; one half of 
the signal reflected down 
the line is absorbed, and 
again, when the remaining 
portion is retransmitted up 
the line, another half is ab¬ 
sorbed. The swr isn't the ele¬ 
ment that is sopping up the 
power, it is the line loss, and 
3 dB could be what you wish 
you had. 

This, of course, depends 
on the type of coax and the 
frequency you are using 


The higher the frequency, 
the higher the loss. Don't 
you wish you had 600-Ohm 
open-wire line? So the next 
time you are tuning up your 
antenna and are worried 
about swr. first consider the 
loss contributed to line at¬ 
tenuation. There are pub¬ 
lished charts in most anten¬ 
na handbooks giving this in¬ 
formation. 

Other Considerations, 
and the Good Old 
Vacuum Tube 

The good part about vac¬ 
uum tubes is that they are 
very forgiving. Not so with 
solid-state devices. Therefore, 
most solid-state amplifiers 
have built-in safety features 
like Automatic Limiting 
Control (ALC). The presence 
of swr sends back a propor¬ 
tionate out-of-phase voltage 
that biases the driver so as 
to reduce the drive or even 
shut it off should the swr be 
high enough. A tuner then 
becomes a must with solid- 
state amplifiers. Solid-state 
devices do not like to see a 
mismatch between the trans¬ 
mission line and the ampli¬ 
fier. Thus, a tuner will give 
the conjugate match needed 
between the line and the am¬ 
plifier, allowing the amplifi¬ 
er to put the full power into 
the transmission line. 

Recently, while reading 
the mail on a cross-country 
QSO, the party on the far 
end stated that he was using 
a solid-state rig and had an 
swr of 1.6 to 1 without the 
tuner. An S-reading was 
taken by the party in QSO 
and a second reading was 
taken after an antenna tuner 
was switched into the line. I 
don't remember exactly, but 
the results were an improved 
signal strength of about one 
5-unit, or 6 dB, Actually, the 
tuner provided a conjugate 
match between the transmit¬ 
ter and transmission line— 
the vswr was still on the line. 
The signal was improved be¬ 
cause the transmitter was 
now transmitting its full 
power, as the ALC was no 
longer biasing back the 
drive to the final. 



Conjugate Match 

If the line between the 
tuner and transmission line 
were separated or broken, 
and two impedance read¬ 
ings were taken, one looking 
back into the tuner and 
another looking into the line 
toward the load, the first 
would see the conjugate of 
the impedance seen in the 
opposite direction—-R + jX 
in one direction and R — jX 
in the other. The conjugate 
match has made the internal 
resistance of the source 
equal to the resistive com¬ 
ponent of the line, and all of 
the residual reactance com¬ 
ponents have been canceled 
to zero. When these condi¬ 
tions are met, all of the 
transmitted power enters 
the line 

Walter Maxwell graphi¬ 
cally illustrates (and, I think, 
conclusively) another ex¬ 
ample of vswr equated with 
line loss. Using his example. 
80 meters is a very wide 
band and an antenna would 


have to have an exceedingly 
poor Q to be reasonably flat 
across it If a dipole is cut 
and resonated at 3.75 MHz 
(the center of the band) and 
fed with 100 feet of 50-Ohm 
RG-8/U coax, the vswr at 
both ends of the band (3,5 
and 4.0 MHz) will be about 
5:1. The loss in the coax adds 
only 0.46 dB to the matched 
or flat line loss of 0.32 dB at 
4.0 MHz. So, at the band 
ends the loss is equal to 1/12 
of an S-unit because of vswr 
Not very much to be con¬ 
cerned with is it? Not at all 
what many hams would ex¬ 
pect, so why would one 
worry about a 5:1 vswr un¬ 
der these conditions? 

If the final amplifier is un¬ 
happy with the condition, 
match the line to the ampli¬ 
fier by use of a tuner, but re¬ 
member that although this 
also may make you very 
happy, you still have 5:1 swr 
but are transmitting just 
about all of the electromag¬ 
netic wave. 

With all of this freshly in 


mind, you might ask your¬ 
self the following questions: 

1) What attenuation is in¬ 
troduced to my signal be¬ 
tween the final amplifier 
and the antenna? 

2) What is my vswr? 

3) What is the loss due to 
swr alone? 

4) What is the total loss 
due to swr and transmission¬ 
line loss? 

5) To what extent is my 
solid-state power amplifier 
powered back due to swr? 

6) Do I need an antenna 
tuner? 

7) What is the ground-loss 
resistance? 

8) What is my power loss 
due to the proportion of 
ground loss to antenna resis¬ 
tance? 

9) What is the radiation 
resistance of my antenna 
measured at its current feed- 
point, less the ground-loss 
resistance? 

Now, if you want to know 
more about the magnetic 
field, the electric field, and 
the combined electromag¬ 


netic field that is transmit¬ 
ted into space, read "The 
Radiation of Radio Signals," 
by W1GV (see References.) 

I trust that the informa¬ 
tion presented here will 
shed new light on what is go¬ 
ing on in your antenna sys¬ 
tem and provide significant 
points to consider for im¬ 
proving the situation. H 
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Ollie's Folly 

Circular polarization on HF? A forty-meter helix 
with oil-drum forms? WIZB's signal runs rings 
around the rest Folly, indeed! 


C ircular polarization is 
very old, almost as old 
as radio itself. In 1953, I was 
working for the leading ra¬ 
dar antenna company and 
was hired by the US Govern¬ 
ment to evaluate circular pa 
larization. After two years of 


extensive field tests, circular 
polarization was found to be 
superior for transmission and 
reception over mountains 
and through rainstorms. 
When satellite tracking sta¬ 
tions came into existence in 
the late 1950s, circular polar¬ 



ization was used exclusively 
for Doppler-effect receivers 
and is still in use today. 

Twenty years later, I won¬ 
dered why not use this same 
principle on high-frequency 
receivers and transmitters. If 
it works well on VHF, it will 
work well on HF. The only 
limiting factor is the size of 
the array for HF. After many 
years of experimenting in 
the Mojave Desert and on 
my antenna farm at Otter 
Creek, Maine, we have 


working models for most of 
the HF bands. 

VHF antennas have al¬ 
ways used one wavelength 
for the circumference of the 
helix. After much trial and 
error, we have found that 
HF, circularly^polarized an¬ 
tennas will work very well 
with a circumference of 
one-half wavelength. The 
tuning is very broad and will 
cover two bands. 

Construction 

The best thing to use for 



Fig 1. Circularly-polarized, ground-mounted antenna for ten 
and fifteen meters. 
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Diameter Approximate 


the helix is a 3/4" rigid or 
semi-rigid coax of the type 
used for cable TV, available 
in most parts of the US. Only 
the outside conductor is 
hooked up during operation 
The helix can be mounted 
with two wooden supports, 
2" X 2" or 2" x 4" studs, 
for top and bottom Pipe 
clamps are used to hold the 
coax onto the wood It can 
also be hung on a slanting 
rope between trees The 
wire used for the reflectors 
can be #18, #16, or #14 cop¬ 
per wire, covered or uncov¬ 
ered The phasing section is 
a one-half wavelength of TV 
line (300 Ohms) resonated 
(dipped) with a MOSFET dip¬ 
per or grid dipper to the fre¬ 
quency. The line is then 
coated with two coats of 
varnish to protect it from 
the weather. 

In winding the helix, I used 
a big oil drum and a big 
water tank to wind it into 
shape. We had quite a 
search all over town to find 
something big enough to 


Band of Helix 

40m 20 ft. 

20m 10 ft. 

15m 7 ft. 

10m 5 ft. 


wind it around. Working the 
two sections of the antenna 
in phase results in a superior 
field pattern with a narrow 
beam of high intensity. Cain 
is 2 dB per turn. Use seven 
turns if possible, although a 
three-turn helix will work 

The helix must be tilted at 
a 30-degree angle, otherwise 
all your power will go into 
the ground. A balun or tuned 
feeders work fine. The an¬ 
tenna is ground-mounted, 
with the base of the helix a 
few feet off the ground. The 
reflectors are a few inches 
off the ground with the cen¬ 
ter one slanted backwards in 
an almost vertical position. 
Two wooden posts are used 
to hold the front end of the 


Phasing Stub Length 

32 ft. 

16 ft 
11 ft 
8 ft. 


helix at the proper angle of 
30 degrees. 

Tuning 

When the antenna is com¬ 
pleted, couple the grid dip¬ 
per or noise bridge to the 
balun with two turns of wire 
The balun ratio is 4:1. Adjust 
the stub at the end of the 
helix for resonance. It 
should be very broad. Tune 
it for 21 4 MHz and it should 
work on 10 and 15 meters. 
Coax/balun feed and tuned 
feeders have both worked 
well. 

After eight years of test¬ 
ing, I can safely say it out¬ 
performs any yagi or quad 
of the same size. A 10-ft -di- 
ameter helix works well on 
20 meters. 


t = Va 2 + (nnd) 2 

where: 

n = number of turns 
c = circumference of each turn 
s = lead or spacing of turns 
a = length of the helix 
d = diameter of the helix 
L = length of rigid coax 

Fig. 2. Formulas used to de¬ 
termine the optimum dimen¬ 
sions (or circularly-polarized 
antennas. 

No matter what kind of 
antenna you have, the polar¬ 
ization of the received sig¬ 
nal a thousand or more 
miles away will be different 
from the one sent out by 
your antenna. Extensive 
testing of dipoles and beams 
over a path of 500 miles has 
shown the signals to be com¬ 
ing in at a 45-degree angle 
on most HF bands. The circu¬ 
larly-polarized antenna was 
better able to cope with this 
phenomenon and showed a 
remarkable gain over any 
conventional antenna. ■ 


Table 1. Construction dimensions for circularly-polarized an¬ 
tennas. 
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Build a Better Box 

Most hams cram their circuits into any old case 
that's handy , but a little planning can turn 
a so-so project into a masterpiece of packaging. 


T he projects we design 
and build are often elec¬ 
tronically better than their 
commercial counterparts. Of¬ 
ten they just don't seem to be 
as good because we fail to 
take the trouble to package 
them so that they will give us 
the operating convenience, 
appearance, and safety of 
commercial gear. Granted 
that very complex projects in¬ 
volving combinations of rf, af, 
and digital circuitry do re¬ 
quire fancy cases and exten¬ 
sive internal cabinets to 
shield one circuit from anoth¬ 
er. However, for most simpler 
ham projects we can do just 
as well as the factories in 
mounting our electronics in 
cabinets that are convenient 
safe, and attractive And we 
can save money in the pro¬ 
cess, whether we build or buy 
our cabinets. 

There are many ways to 
make good project cabinets 
or to mount projects in them, 
but a number of basic ideas 
can open up our imaginations 
to improve our gear. Let's 
take a look at some principles 
and ideas that I have accum¬ 
ulated over the years Since I 
am not an expert in metal¬ 
work, all the ideas below will 
work for anyone with no 
more than two or three 
thumbs per hand. The basic 
mechanical tasks of building 
up the final stages of a proj¬ 
ect are not difficult so if you 
have some special skills, you 
can expand on these ideas in 
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ways I probably have not 
even dreamt of 

What's a Good Cabinet? 

A good project case or 
cabinet is more than an at¬ 
tractive shell to surround 
electronic circuits. We place 
our circuits in cases in order 
to meet some very special 
needs. Therefore, we should 
begin thinking about project 
cabinets even before we 
build the circuits to go in 
them If we are reproducing 
a circuit from a magazine, 
the author's version may 
give us some good ideas, but 
let's not stop there. We will 
be using the project we 
build. We should design the 
cabinet to meet our own 
special needs, not those of 
the author. There are five 
major jobs for the cabinet 

Function: A cabinet must 
permit the electronic proj¬ 
ect to perform its function 
effectively In fact, the cabi¬ 
net should enhance the 
function. If there are con¬ 
trols, all of them should be 
accessible to us according 
to how often we need to op¬ 
erate or adjust them. All 
controls should be well 
spaced so that we do not 
maladjust one control while 
using another. We must 
have access to connectors 
as well as controls. Often- 
used jacks and plugs need to 
be where we can reach them 
easily without interfering 
with the controls. If there 


are meters or other read¬ 
outs, we must place them 
for convenient monitoring. 
Our care in designing a case 
that will hold all these con¬ 
trols, readouts, and connec¬ 
tions will determine how 
useful the equipment will be 
to us in the long run. 

In the era of boat an¬ 
chors—when huge cabinets 
full of tubes provided large 
panels—we could place al¬ 
most every control, meter, 
and jack on either the front 
panel or the rear lip of the 
chassis base. In today's 
world of miniature electron¬ 
ics, panel components may 
occupy more room than all 
the circuitry put together 
For many small projects, the 
front and rear panels may 
provide enough room for 
controls. However, there is 
no rule that says we have to 
restrict ourselves to these 
surfaces. Any surface on the 
case that makes a panel 
component accessible (with¬ 
out creating special building 
problems) is eligible for use. 
A new generation of com¬ 
mercial sloping-front cabi¬ 
nets offers the builder new 
options in packaging We 
can use these cases—or 
home-brew equivalents—to 
improve the basic perfor¬ 
mance of our projects. 

Support : As in the begin¬ 
ning of electronics, the cab¬ 
inetry must still support the 
electronics. A case provides 


surfaces to mount the chas¬ 
sis and circuit boards on or 
against Just mounting cir¬ 
cuits to get them out of the 
way is not enough. We 
should plan access to the 
circuits for adjustment and 
repair. We used to mount all 
the individual parts of com¬ 
plex transceivers on one 
chassis base. Today, we tend 
to use numerous subassem¬ 
blies consisting of circuit 
boards and small metal en¬ 
closures. each interconnect¬ 
ed by cables. To make re¬ 
pairs, we should only need to 
dismount one of the sub- 
assemblies. 

The cabinet must not only 
support these boards and 
subassemblies, it must also 
give us access to them. One 
common problem for new 
builders is the urge to strive 
for excessive miniaturiza¬ 
tion. We cram together all 
the parts in minimal space. 
As long as everything works 
well there seems to be no 
problem, but such units are 
susceptible to mechanical 
shock damage. And we dare 
not open the case for repairs 
lest the tangle of parts and 
wires engulf us. A good cabi¬ 
net supports our work neat¬ 
ly and in a way that minimiz¬ 
es potential damage to the 
circuits. 

Shielding: We have men¬ 
tioned using small metal 
cases within the project cab¬ 
inet. This is just one way to 



keep circuits isolated from 
each other when there is 
danger of an undesired in¬ 
teraction. A digital readout 
in a transmitter requires care¬ 
ful isolation. Vfos need iso¬ 
lation from both electrical 
and mechanical interaction 
Other circuits may require 
less shielding; an aluminum 
sheet used to support a cir¬ 
cuit board may also supply 
all the necessary shielding. 
We must also watch out 
for interconnecting cables; 
keeping the signal leads 
short, direct, and shielded. 
The power-supply lines, tra¬ 
ditionally cabled together 
and run around the perim¬ 
eter of a chassis or cabinet, 
are susceptible to signal 
pickup and transmission. 
We need to use care not on¬ 
ly to bypass all power leads, 
but also to route them where 
they can create the fewest 
problems. 

A good project cabinet 
must make room for all 
these adjuncts to the circuit¬ 
ry Without room for shield¬ 
ing and isolated cable runs, 
even the best circuits are 
likely to give us surprising 
and undesired results. Size is 
not the only factor. A cabi¬ 
net must provide surfaces 
that can support shields and 
subcases and permit good 
metal-to-metal contact to 
ensure a common ground 
for the project. Not all pro¬ 
jects require such attention 
to shielding. Many circuits 
are totally noncritical in this 
regard, and thus can live 
comfortably in non-metal 
environments Some thought 
to shielding will go a long 
way in our efforts to select 
the right cabinet for the job. 

Appearance: A ham proj¬ 
ect is a work of pride. You 
should dress up your proj¬ 
ect so that even if shack 
visitors cannot see the magi¬ 
cal electronic innards, they 
can appreciate the external 
workmanship. Care and neat¬ 
ness with cabinet construc¬ 
tion and lettering add to 
both function and appear¬ 
ance. You can improve ap¬ 
pearance without special 



Photo A. Some common items used in cabinet construction 
(from left to right): 6 -32 hardware, sheet-metal screws, 
L-brackets, standoff pillars, and angle stock. In the back- 
ground are sections of flashing and perforated metal. 

side to about 8"X8"X8" 


skills. Touches of wood fram¬ 
ing on the cabinet will hu¬ 
manize metal boxes. Some 
simple masking and spray 
painting can customize a 
project. You can either 
match the general appear¬ 
ance of the commercial gear 
that forms the nucleus of 
the shack or you can express 
your own personality in your 
cabinets. In fact, with a few 
custom touches you can 
add some fun to the func¬ 
tion of your projects. 

Safety and Security: The 
last—but not least—major 
job for the cabinet is to 
make our project safe for 
ourselves and others who 
enter the shack. We enclose 
electronic circuits in cabi¬ 
nets first to protect people 
from shock and other haz¬ 
ards, and only second to 
protect the circuits from 
people. Even today's low- 
voltage solid-state circuits 
hold potential for human 
harm if carelessly handled. 
Some people are more sensi¬ 
tive than others to electrical 
currents, so we should never 
assume that 5 to 12 volts is 
safe enough for open cir¬ 
cuitry. Adults are curious 
enough, but children simply 
cannot keep their hands out 
of things. We need to think 
not only about the case it¬ 
self, but about current-car¬ 
rying connections as well. 
The project cabinet, when 
all is said and done, can be 
an expression of love and 
protection for the people 
around us. 

A little thought to these 
requirements for cabinets 
will help us select or design 
just the right case for our 
current project. There is a 
large number of commercial 
cases on the market. Some 
are traditional cabinets with 
front and rear panels that 
detach independently. Oth¬ 
ers make use of fewer metal 
pieces by forming the bottom 
and top from two U-shaped 
pieces of aluminum or steel. 
Painted and unpainted utili¬ 
ty boxes come in sizes from 
just over an inch on each 


Some cabinets have shadow 
tops that extend beyond the 
edge of the front panel to 
prevent glare from overhead 
lights. Of course, there are 
the classic rack panel and 
cabinet, but these are so 
large and heavy that they 
have become special-pur¬ 
pose and laboratory items. 
The average ham may use 
them only if he is building a 
large and heavy piece of 
gear such as a linear amplifi¬ 
er and power supply. Even 
then, there may be better 
cases to buy or build. 

Some of the more recent 
cabinet innovations open 
new doors to imaginative 
packaging. One line of cabi¬ 
nets from Ten-Tec uses a 
combination of materials, 
with the front, rear, top, and 
bottom dividing in uncon¬ 
ventional ways. Other cabi¬ 
nets, from a variety of manu¬ 
facturers, use sloping panels 
that range from near vertical 
to almost flat. A few use a 
combination of slopes to 
provide room for the com¬ 
bination of keyboards and 
panel controls. For most of 
these new ideas we must 
pay a premium, and these 
cases are usually accessible 
only through mail-order 
sources. Local stores such as 
Radio Shack carry a limited 
number of cases, mostly for 
smaller projects. However, 


if a cabinet will make the 
difference between a suc¬ 
cessful, often-used project 
and one that gathers dust in 
the corner of the shack, the 
extra cost is justified. 

Over the years, we will 
use many different types of 
cabinets for our projects. 
Some circuits will be wrapped 
in commercial cases. Others 
will be put in one-of-a-kind 
cabinets. Still others will go 
into cases that are a combi¬ 
nation of both. The materi¬ 
als available are readily 
adaptable to modification, 
and the more we perfect our 
cabinetry thinking, the more 
materials we will discover to 
be useful in packaging our 
projects. 

Home-Brewing Cabinets 

The whole idea of build¬ 
ing a cabinet for a project 
may seem scary at first. 
However, the skills, tools, 
and materials are all fairly 
easy to acquire—if we do 
not already have them. Pa¬ 
tience and neatness may be 
the hardest items of all to 
develop, but with them we 
can be successful on nearly 
every try 

Any number of materials 
will come in handy in cabi¬ 
net construction. Solid alu¬ 
minum sheet ranging from 
16 to 20 gauge (.05" to .03") 
is the most common materi¬ 
al. Steel in 18 to 22 gauge 
73 Magazine • February, 1985 45 




Photo B. A CW transmitter using a home-brew panel and per¬ 
forated-aluminum shell around a commercial chassis base. 


has the same thickness 
range but is harder to work 
on without tougher tools. 
Metal shops in your local 
area may be able to supply 
small quantities of sheet 
metal fairly inexpensively. If 
you get to know the shop 
people, they can give you 
good advice on working the 
material. Perforated alumi¬ 
num is available from some 
hardware stores and makes 
a good shield at lower fre¬ 
quencies. It is thin enough to 
work by hand, but it will not 
support controls. Aluminum 
flashing is also very thin and 
workable and makes good 
subassembly enclosures and 
solid shells. Building-supply 
stores usually stock this, and 
it can be cut with heavy 
shears! 

Metal is not the only good 
material for cabinets. Not 


only will you find plastic 
cabinets in radio-parts stores, 
but you also will find them in 
five-and-dimes if you learn to 
look. Kitchen supply, house¬ 
hold goods, and home/office 
supply departments carry a 
variety of plastic boxes and 
enclosures, many having 
just the decorative touches 
to make your project attrac¬ 
tive. If you do not need the 
cabinet to serve both as a 
shield and as an enclosure, do 
not overlook these sources. 
Similarly, if your cabinet 
does not have to double as a 
shield, wood is an attractive 
cabinet material (as a look 
at any antique radio will at¬ 
test). Do not be afraid to try 
something different, even if 
commercial manufacturers 
have turned away from such 
techniques for economic 
reasons. 



Fig. I. A simple cabinet frame, covered with sheet or perforat¬ 
ed metal. 
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The actual process of 
making a cabinet is not diffi¬ 
cult. Let's look at several dif¬ 
ferent styles of cabinets we 
can make in our shops or 
even on the kitchen table. 
We will need a few tools in 
addition to those we keep in 
the shack. Here is a list: 

• Hacksaw 

• Saber saw with sheet- 
metal blade 

• Small metal brake 

• 1/4- or 3/8-inch electric 
drill and bits 

• Scrap wood, e g., a few 
feet of 1 X 4 pine or fir 

• Clamps (to hold metal to 
the wood or brake) 

• Files: flat and half-round 
in several sizes 

(This list assumes that the 
usual collection of screw¬ 
drivers, pliers, and other 
common household tools 
are available.) 

We can make some cabi¬ 
nets without bending a 
piece of metal Fig. 1 shows 
the general idea. Using 1/2"- 
or 3/4"-wide aluminum an¬ 
gle stock available at metal 
shops, we can cut the pieces 
for a cabinet frame. The de¬ 
tail in Fig. 1 suggests how to 
cut the ends of the stock to 
bolt pieces together with 
6-32 or 8-32 hardware. Cover 
the frame with solid- or per¬ 
forated-aluminum sheet, de¬ 
pending upon the needs for 
each surface 

Fig. 2 shows a similar use 
of perforated aluminum 
where a chassis base sup¬ 
ports the project circuitry. 
Attach a 16- or 18-gauge 
piece of aluminum to the 


chassis to serve as the front 
panel Then, for a shell, cut 
and bend perforated alumi¬ 
num. Use 6-32 nuts and ma¬ 
chine screws to secure the 
seams of the aluminum. 
Then fasten the shell to the 
chassis with no 6 sheet- 
metal screws The shell 
forms a shadow lip over the 
panel. Although the shell 
will not withstand physical 
abuse, there are many appli¬ 
cations where this construc¬ 
tion works well We can 
stiffen the edges by adding 
common 3/8" angle brack¬ 
ets (available at radio-parts 
shops) every few inches at 
the bends, seams, and espe¬ 
cially near the corners. 
(Photo B shows a small 
home-brew CW transmitter 
that uses this technique.) 

For both these cases, you 
need only heavy shears, a sa¬ 
ber saw, and a hacksaw. Cut¬ 
ting work is easier if you 
clamp your work to a bench 
or another solid surface. A 
bench vise to hold the angle 
stock for cutting is recom¬ 
mended, but you can use 
clamps to hold it to the edge 
of a bench. Cutting will al¬ 
ways leave burrs and sharp 
edges: bevel them with a 
file. 

Since all these operations 
leave handprints on the met¬ 
al surface, you should think 
about painting the finished 
product. There are solutions 
which clean aluminum, but 
the simplest procedure may 
be to use very fine (000) steel 
wool on the surface and 
then spray paint it. Use sev- 





Photo C. A metal-bending brake in action; note the use and 
position of clamps and the method of operation. 


eral very thin coats rather 
than the one thick coat that 
inevitably runs. If you use 
just one or two passes of a 
pressurized can of spray 
paint for each coat, you can 
build up a textured surface 
in about five to seven quick¬ 
drying coats. A large card¬ 
board box makes a good dis¬ 
posable paint station to 
catch the excess spray. Of 
course, delay any painting 
until you have done all the 
necessary drilling and cut¬ 
ting on your panels 

So far, we have not used 
the metal-bending brake. 
Bending brakes are simply 
devices for making long, 
even bends in sheet metal. 
Small cast-aluminum hand 
brakes for light-metal w-ork 
are available for about $25.00 
from mail-order tool suppli¬ 


ers. If you have larger work, 
you may want to pay a met¬ 
al shop to make the bends 
for you with its sophisticat¬ 
ed heavy-duty equipment. 
For small aluminum cases as 
well as shields and plates 
that require a mounting lip. 
the light brake is handy The 
brake usually has a clamp 
bar to hold the metal in 
place As Photo C shows, the 
movable part of the brake 
bends the metal sheet even¬ 
ly. Use steady force on both 
levers in order to bend the 
metal smoothly The clamp 
bar usually will permit you 
to bend the metal slightly 
more than 90° so that the 
metal returns to a true right 
angle when you release 
bending pressure. 

To make a box, design 
two U-shaped pieces. You 



Photo D. Two power supplies. One of these look-alike units 
has a home-brew sheet-aluminum panel (U-shaped bottom 
piece). 


can add a lip to the bottom 
piece in order to seal the box 
with sheet-metal screws, or 
you can add lengths of alu¬ 
minum angle stock to re¬ 
ceive the closure screws. 
Fig, 3 shows the unbent and 
bent pieces Use 18-gauge 
aluminum which works easi¬ 
ly and provides good sup¬ 
port for small projects. If 
you examine inexpensive 
commercial enclosures, you 
will discover that they are 
designed in almost exactly 
the same way Add holes for 
controls and connectors, a 
coat or two of paint, and 
lettering to identify the 
knobs—and the enclosure is 
complete. 

Fig. 4 shows a slightly 
more ambitious box with a 
shadow top and lips on sev¬ 
eral sides to receive sheet- 


metal screws. This enclosure 
requires several bends per 
piece Make the lip bends 
first. Then cut from scrap 
aluminum or steel stock a 
special clamping bar to fit 
within the lips so that you 
can make the large bends. 
Note that the lips do not go 
all the way to the ends of the 
pieces so they will not in¬ 
terfere with the large bends. 
This box provides a tighter 
electrical shield for the cir¬ 
cuits inside. 

Often, you do not need to 
construct an entire cabinet. 
As time moves on, you will 
accumulate old cabinets 
from projects that have out¬ 
lived their usefulness. One 
or more pieces of an enclo¬ 
sure may be in excellent 
shape. You need only re¬ 
place the parts which have 



Fig. 3. A simple cabinet made from two U-shaped metal 

sheets. Fig 4. A more complex version of the cabinet in Fig. 3. 
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too many holes in the wrong 
places. The original piece 
serves as a perfect guide for 
bending a new one. Photo D 
shows two power supplies in 
identical boxes. One supply, 
however, has a home-brew 
aluminum bottom to go 
with the dark top left over 
from a dead project From 
the photo, I cannot tell 
which is which. 

Fig. 5 is an example of hy¬ 
brid home-brew cabinetry 
The cabinet is a common 
chassis base. The bottom 
plate is perforated alumi¬ 
num. With a coat of paint 
and cutouts, this unit holds 
a CW keyboard. The decora¬ 
tive wooden end pieces, 
stained and varnished to 
match other furniture in the 
shack, are also functional 
By screwing the chassis to 
the end pieces at an angle, 
the unit provides a sloping 
panel to match the key¬ 
board slope. Yet the entire 
cabinet costs less than a 
quarter of the price of com¬ 
parable commercial key¬ 
board cabinets. Photo E il¬ 
lustrates the finished unit. 

Panel Work 

Now that you have a cabi¬ 
net, whether home-brew or 
commercial, the next step is 
to make the cutouts for con¬ 
trols, connectors, and read¬ 
outs. This job requires a bit 
of planning and some pa¬ 
tience There are a number 
of additional tools that will 
make the job easier: 

• Circular hole cutters for 
your electric drill, 1-1/2" to 
3" diameter 

• Nibbler 

• Chassis punches, 1/2" to 
1-1/4" circular, plus other 
shapes as needed 

• Center punch 

• Fland reamer, 1/2" maxi¬ 
mum diameter 

All of these tools are 
available from major parts 
suppliers or hardware stores 
As with all metal work, be 
safety conscious. Clamp your 
work to a solid base. Wear 
safety goggles to keep chips 
out of your eyes I also rec- 
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Photo E. A hybrid cabinet using a chassis base and wood end 
pieces to support a home-brew CW keyboard. 


ommend that you wear 
gloves, since burrs and 
freshly-cut metal edges will 
cut skin very easily Keep 
your tools clean and sharp 
Dull tools are more danger¬ 
ous because they slip more 
easily. Finally, keep your at¬ 
tention focused. A dull or 
tired mind can be the most 
dangerous tool of all. 

Before cutting a cabinet 
panel, make several sketch¬ 
es of your desired cabinet 
layout to be sure all the 
holes you cut will be exactly 
where you want them Paper 
is much cheaper than ruined 
cabinets. In drawing your 
layout, there are a number 
of matters so obvious that 
every builder overlooks them 
occasionally Here is a start¬ 
er list Your own mistakes 
over the years will give you 
additional entries 
• Be sure to leave clear¬ 
ance inside the cabinet for 
closing screws. Some sheet- 
metal screws can extend up 


to a half inch inside the cabi¬ 
net which would jam circuit 
boards or short out wiring. 

• Beware of controls and 
jacks that come too close to 
closure screws. 

• Leave room for finger ac¬ 
cess to any interconnections 
between subassemblies. Al¬ 
low for in-line connectors if 
your project uses them. 

• Allow clearance between 
subassemblies not only for 
maintenance, but also to 
compensate for minor inac¬ 
curacies in cabinet cutting 
and drilling. 

• Leave clearance for con¬ 
trols or switches and for 
their connection terminals. 
When laying out a panel, it 
is easy to forget that a con¬ 
trol extends behind the pan¬ 
el as well as in front of it. 
Plan your panel by the con¬ 
trol size, not by knob diame¬ 
ter (unless the knob is bigger 
than the control). 

• Even in low-voltage proj¬ 
ects, use care with lethal ac 



Fig. 5. A hybrid cabinet using a chassis base with wood end 
pieces. 


leads and components such 
as fuse holders that extend 
far behind the panel Decide 
in advance whether fuse 
changes might be regular (as 
in a bench supply) and 
choose a panel fuse holder 
or a chassis clip accordingly. 

• Remember that subas¬ 
semblies have three dimen¬ 
sions. Do not plan with a sin¬ 
gle drawing, but sketch your 
cabinet layout from all 
angles. Trial-fit components 
into the cabinet before 
freezing your design 

• Be sure all exposed ter¬ 
minals inside the cabinet 
will be free and clear of pos¬ 
sible short circuits. 

The list is not complete 
but is long enough to give 
you an idea of what can go 
wrong in the absence of 
proper planning. I have 
made each of these mis¬ 
takes at least once. (A few 
more embarrassing errors I 
have omitted from the list.) 

Draw your drilling and 
cutting plan on the cabinet 
pieces using a center punch 
to mark all holes. I generally 
begin cutting using the 
smallest drill bit that corre¬ 
sponds to a hole, usually a 
1/8" hole for 4-40 machine 
screws or a 9/64" hole for 
6-32 hardware. Use a drill bit 
one size smaller for sheet- 
metal screws. Then enlarge 
the holes as needed. Mod¬ 
em miniature controls re¬ 
quire 1/4" mounting holes, 
so a 1/4" chuck in an electric 
drill will do most of the work. 
However, some controls re¬ 
quire 5/16" or 3/8" holes, 
and older toggle switches re¬ 
quire a 7/16" hole. A hand 
reamer readily enlarges 
holes in aluminum Since 
most of these tools have 
thin T-bar handles, wear a 
work glove to relieve hand 
fatigue. 

For holes larger than 
about 3/8", we will need 
other tools. Chassis punches 
usually require a 3/8" hole 
for their central shaft (for 
punch sizes up to about 
1-1/2" diameter). We can cut 
larger circular holes with 




drill-driven hole cutters (or 
hole saws, as they are some¬ 
times called). Starting with a 
small (1/8") pilot hole, these 
cutters drill a larger guide 
hole and cut out the full-size 
hole with a heavy circular 
sawtooth fixture. To keep 
the metal from tearing as 
the saw cuts through, clamp 
the panel to a scrap of 
wood. If possible, use a 
slow-speed drill and keep 
the work cool with a drop or 
two of oil. 

You can cut square or 
odd-size holes with a nib- 
bler, a hand cutter that takes 
a 1/8" X1/4" bite of metal at 
a time. Panel cutouts usual¬ 
ly require a 5/16" starting 
hole. Then a steady hand 
and patience will permit 
a fairly accurate cutout. 
Leave just a bit of metal for 
filing. In fact, all cutting 
tools leave burrs and edges 
that you will want to file 
smooth. Filing is a boring job 
and there is a temptation to 
cut burrs out with a pocket 
knife. However, to avoid 
nicks and panel scratches as 
well as to achieve perfect 
holes that precisely fit the 
components, use round and 
half-round files along with a 
good bit of patience. Be sure 
that the burrs are gone 
because they can cut the 
plastic cases of panel in¬ 
struments (such as meters), 
and they will affect the way 
metal panel components fit. 

Many of these same tips 
apply to working with plas¬ 
tic, although a few special 
cautions are in order. Plastic 
in the early days was often 
so brittle that drilling shat¬ 
tered it. Today's plastics are 
more varied, tougher, and 
better suited to serving as 
cabinets for electronic proj¬ 
ects. The soft plastic used 
for test-bench instrument 
cases drills well. You can cut 
larger holes often by starting 
with a smaller hole and 
whittling it to true size with 
a sharp knife. These tech¬ 
niques do not usually work 
well with more brittle plas¬ 
tics, Punching and nibbling 
are out. However, most 



Photo F. An ultrasonic bug chaser with the circuitry mounted 
against the rear cabinet wall. 

modern plastics will with- built up your circuits on 
stand careful drilling. If you some appropriate surface 
need a panel full of large or (printed circuit boards, perf- 
unusual holes (for meters boards, terminal strips mount- 
and such), try replacing part ed on board or metal, or a 
of the plastic case with a chassis) you are ready to 
metal panel. mount them in the cabinet. 

Plastic, of course, pro- However, there are two 
vides no shielding for cir- planning questions we have 
cuitry. Aluminum flashing, not yet asked. How will you 
however, can provide inter- mount them? Where will 
nal shielding beneath the at- you mount them? There are 
tractive plastic exterior. Fig. many good answers to both 
6 shows an example of flash- questions, and your job is to 
ing which is cut and bent to select the right answer for 
form a shield for a subas- your project, 
sembly inside a plastic case. Support: Every piece of 
Thin shielding works as well circuitry deserves a stable 
as thick metal, and the com- and secure mounting to 
mercial trend seems to be to guard against movement in¬ 
save money by using plastic side the cabinet. The ad- 
for structural duty and the vantages are obvious. Move- 
thinnest metal (including ment permits physical dam- 
foil) for shielding. The ease age and shorts among the 
of working with lighter ma- wires. Manufacturers en- 
terials suggests that com- case microcircuitry in epoxy 
mercial practice may hold a to stabilize all connections 
few lessons for ham builders. and prevent parts from mov¬ 
ing relative to each other. 
Mounting the Circuit Boards W e should do no less inside 

Assuming that you have our cabinets, although we 



Fig. 6. A simple internal shield made from aluminum flashing. 


need not go to the extreme 
of filling the case with 
epoxy, Screws will do nicely, 
as will a few other tech¬ 
niques. 

Access: As noted when we 
looked at cabinets, subas¬ 
sembly mounts should leave 
us room to connect and ser¬ 
vice the modules. However, 
access is not just a matter of 
leaving enough room for 
work. It is also orienting the 
subassembly to make the 
work convenient. Be sure 
trimmer pots and other con¬ 
trols point in a direction that 
allows easy adjustment. Do 
not create tiers of circuitry 
boards without a method of 
easily removing the top lay¬ 
ers. Modular design holds 
many advantages, but it can 
lead us into many snares if 
we do not plan carefully. 

Isolation and interaction: 
How we position subassem¬ 
blies within a case can deter¬ 
mine the degree of interac¬ 
tion between circuits. Two 
boards face to face are 
more likely to interact than 
two at right angles to each 
other. Placing audio circuits 
close to an unshielded pow¬ 
er transformer is a good 
method of ensuring ac hum 
in the output. Oscilloscope 
tubes use mu-metal shields 
and distant placement of 
power transformers to pre¬ 
vent magnetic deflection of 
the scope beam. Vfos and 
other oscillators in receiving 
and transmitting circuits re¬ 
quire full-scale shielding 
and isolation from circuits 
that are likely to produce 
spurious mixing products. 
These examples should spur 
you to think carefully about 
the relative positions of all 
subassemblies in order to 
avoid unwanted interac¬ 
tions. 

Heat: Even solid-state cir¬ 
cuits generate heat. Power- 
supply components and pow¬ 
er-amplifier transistors are 
now the main heat sources, 
but even micropower cir¬ 
cuits require a little breath¬ 
ing space. Since hot air rises, 
leave a vertical path for its 
climb into the world outside 
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Fig 7. Three methods of mounting circuits to chassis or 
plates: terminal strips, chassis cutouts, and standoff pillars. 


the case Add a few ventila¬ 
tion holes to cabinet bot¬ 
toms so cool air can replace 
the hot air. Consider mount¬ 
ing power transistors on the 
rear wall of the cabinet with 
suitable heat sinks, but be 
sure the component cases 
will be electrically safe 
Every degree above room 
temperature is an unneces¬ 
sary stress on components 
Trapping hot air around 
components can shorten 
lives and, of course, they 
will die just when you most 
want to use the circuit 

Lead length: Wherever 
possible, avoid long signal 
leads between subassem¬ 
blies or between panel con¬ 
trols and boards. Where you 
must use long signal leads, 
shield them. Many newer 
designs are replacing signal 
leads to controls with spe¬ 
cial circuits that permit con¬ 
trol leads to carry only dc. 
How you mount your subas¬ 
semblies will determine how 
long the leads need to be 
and where on the subas¬ 
sembly the lead terminals 
should be. There are many 
projects in which these con¬ 
siderations are noncritical, 
but be sure of this fact be¬ 
fore you permit a maze of 
long leads to run between 
boards. 

With these thoughts in 
mind, we can tackle the 
hews and wheres of mount¬ 
ing your circuits inside the 
case. How to mount a cir¬ 
cuit depends upon its con¬ 
struction and what sur¬ 
rounds it Let's survey a few 


of the more common tech¬ 
niques. 

Fig. 7 shows some of the 
more common techniques 
to use with a chassis base or 
flat metal plate. Point-to- 
point wiring using terminal 
strips bolted to the chassis 
or plate is still a handy con¬ 
struction method for many 
projects. Perfboard and PC- 
board circuits can be mount¬ 
ed in chassis cutouts, with 
6-32 hardware to secure the 
boards at their comers. If 
you do not want to cut the 
chassis, you can mount 
boards on pillars that are 
long enough to ensure clear¬ 
ance for all the terminals on 
the board This method has 
the additional advantage of 
providing a shield between 
the board bottom and wiring 
on the other side of the met¬ 
al plate. 

For mounting boards in¬ 
side a cabinet. Fig. 8 offers 
several common methods. 


These are numerous experi¬ 
menter PC boards equipped 
with fingers to fit PC-board 
sockets. These sockets mount 
on rails to clear their termi¬ 
nals; however, you can place 
them on standoff pillars to 
mount on the bottoms, sides, 
or backs of cabinets. L-brack- 
ets provide a convenient 
method of mounting light 
circuit boards. Two boards 
secured back to back with 
standoff pillars provide four 
L-bracket feet This mount¬ 
ing will be more stable and 
will carry more than twice 
the load of a single pair of 
L-brackets. A simple adapta¬ 
tion of this technique pro¬ 
vides a shield between the 
circuits in the form of an 
18-gauge aluminum plate 
which attaches to the cabi¬ 
net surface. 

Fig. 9 shows some simple 
methods of mounting subas¬ 
semblies. L-brackets and 
6-32 hardware secure small 


boxes to cabinets or chassis, 
as do carefully placed sheet- 
metal screws. Even panel 
controls protruding through 
the subassembly box can 
supply a good hold for light 
circuitry. However, we do 
not always need hardware 
since a little foam material 
can hold a circuit board in 
position if we are careful not 
to stress any tall or fragile 
components. This technique 
is often useful with plastic 
enclosures or small subas¬ 
sembly boxes 

Each of these techniques 
has its advantages and lim¬ 
itations. Circuit-assembly 
weight the need for inflexible 
mounting, requirements for 
shielding, and other factors 
determine the right mount¬ 
ing for each circuit Also, 
where the circuit belongs in 
the cabinet has a bearing on 
the mounting method you 
choose. 

The first idea to throw 
away is that you must bolt 
your circuit board or chassis 
flat to the bottom of the 
case. This holdover from the 
days of tubes and chassis 
bases has only limited appli¬ 
cation today. It applies to 
power supplies and other 
circuits using heavy com¬ 
ponents. Lighter circuits can 
mount against almost any 
surface of the cabinet and in 
almost any orientation. Some 
of the photographs may be 
suggestive of the possibilities. 
Photo F, the ultrasonic bug 
chaser, shows the circuitry 
board mounted against the 



Fig 8. Four methods of mounting circuit boards: PC-board Fig. 9. Three methods of mounting subassemblies: L-brackets, 
sockets, L-brackets, double brackets, and shield plate. panel nuts, and foam. 
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Photo C. Interior of a power supply showing two methods of 
circuit mounting: horizontal for heavy components and verti¬ 
cal for light control circuits. 


back wall of the case. The cir¬ 
cuitry for this project, includ¬ 
ing the small power supply, 
was light enough not to stress 
the cabinet wall. However, it 
was heavy enough to require 
corner pillars rather than 
L-brackets. The back-wall po¬ 
sition meant that there was 
no need to drill the bottom of 


the case. The position of the 
circuit makes removal for ser¬ 
vicing or revision an easy 
matter. In addition, there is 
still room inside the case for 
circuit additions which might 
go on small boards vertically 
mounted to the cabinet bot¬ 
tom with L-brackets. 

Photo G shows another 
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Photo H. A receiver filter using a combination of mounting 
methods: horizontal for the power supply, front-panel mount 
for a counter/readout circuit, and PC-board sockets for sig¬ 
nal-processing circuits. 


combination of methods. The 
power components mount on 
a board supported by the 
cabinet bottom and pillars. 
The control circuitry mounts 
vertically at one end of the 
cabinet, with two boards 
back to back supported by 
four L-brackets. Each board 
dismounts independently 
for easy servicing. In Photo 
H, the still more complex 
receiver-filter project, we 
see even more methods at 
work. Again, the heavy power 
supply mounts horizontally 
in the middle of the case for 
weight balance. Against the 
front panel is a perfboard 
counter and LED circuit, 
mounted via standoffs to 
the threaded bezel mount. 
This system made a single 
unit out of an entire section 
of circuitry. The remaining 
circuits are on two experi¬ 
menter boards that plug into 
PC card sockets mounted on 
pillars to the rear of the cab¬ 
inet. (I removed one card to 
show the various subas¬ 
semblies.) With this system, 
servicing and revising the 
circuits is simple. The plug¬ 
in cards pop out for work or 
to give roomy access to the 
remaining boards. The re¬ 
sulting project is still very 
open, allowing good air cir¬ 
culation and circuit isola¬ 
tion. 

These illustrations do not 
exhaust the possibilities by 


any means. Rf circuitry, of 
course, will require more at¬ 
tention to shielding. This 
may lead you to construct 
subassemblies by soldering 
together pieces of double¬ 
sided copperclad board or 
to provide solid or perforat¬ 
ed-aluminum covers for var¬ 
ious parts of a project. Me¬ 
chanical sensitivity may re¬ 
quire the use of heavier ma¬ 
terials for subassemblies, 
such as cast-aluminum box¬ 
es. In addition to the materi¬ 
als and hardware we usually 
associate with amateur ra¬ 
dio, the world is full of 
things that may come in 
handy as insulating pillars, 
subassembly boxes, and a 
whole array of other helps 
around the shack. Among 
the items hams have used 
are cans (coffee, beer, and 
fish), plastic bottles, plastic 
parts from household items, 
bathroom products, packing 
materials, plumbing fixtures 
(both copper and plastic), 
and aluminum gutter. The 
possibilities are endless. 

Providing a ham project 
with a cabinet and mounts is 
a task for both your imagi¬ 
nation and your good sense. 
This article has looked at 
some of the good-sense .ba¬ 
sics of the matter. How 
much you improve upon 
them to make a better or 
more personal project is left 
to your imagination. ■ 
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Rich Wurtzinger K9RLF 
1140 S. Taylor Avenue 
Oak Park IL 6 0304 


Super Surplus Surprise 

It's super: 50 Watts on 760 , 80 , 40 , and 30 meters! 
It's surplus: That means inexpensive! 

It's the GRC-9: Still surprised? 


T he need for a low-cost 
rig for the new Nov¬ 
ice—for Field Day or camp¬ 
ing trips or just as a spare 
rig—has surfaced in the 
life of every ham. Here is 
an answer to all those 
needs and at a price you 
can't refuse! 

The GRC-9 covers the 
upper portion of 160 me¬ 
ters, all of 80 and 40 me¬ 
ters, and the new 30-meter 
band. It will operate with 
almost any antenna you 
can conceive of. I haven't 
tried the proverbial bed 
springs, but they probably 
could be loaded up! 

The rig will operate CW, 
MCW, and AM. The last 


two are sort of “who 
cares," but the CW is FB 
(up to 55 Watts input) with 
vfo or crystal, full break-in, 
high/low transmitter pow¬ 
er, and receiver netting. 

This rig was designed for 
the military for tactical 
communications over dis¬ 
tances greater than can be 
covered by the usual han¬ 
die-talkie or backpack FM 
gear commonly used. The 
manual specs up to 30 
miles on ground wave. 
Now you show me a ham 
who works ground wave on 
40 or 30 meters! 

For ham use, it is really a 
CW rig, and not a bad one 
at that. It is complete in 


one package except for 
power supplies. The power 
input to transmitter will de¬ 
pend on the PA B-plus you 
use. The B-plus can be any¬ 
thing between 400 and 600 
volts. The rig uses a 2E22 as 
a final. This is an instant¬ 
heating 807. The final is 
suppressor-grid modulated 
for AM and MCW. 

The tube lineup for the 
transmitter is a 3A4 for vfo 
or crystal oscillator, a 3A4 
doubler, and the 2E22 
final. There is a vfo posi¬ 
tion and two crystal posi¬ 
tions for each of the three 
ranges. There is also a 0C3 
150-V regulator in the 
transmitter. It is used for 
both the transmitter and 
the receiver B-plus. 

The receiver consists of 
a 1 L4rf,1R5 mixer, 1L4 first 
i-f, 1R5 i-f/calibrator, 1S5 
2nd detector first audio, 
1R5 bfo, and a 3Q4 audio 
output. 

The manual specs the re¬ 
ceiver sensitivity at 2 mi¬ 
crovolts for CW. I mea¬ 
sured about 0.9 microvolts 
in the 80- and 40-meter 
bands for a 10-dB signal-to- 
noise ratio. The minimum 
detectable signal was ap¬ 
proximately 0.15 micro¬ 
volts (3-dB signal-to-noise 
ratio). 

The receiver can be op¬ 
erated from batteries. The 
receiver requires a 90-volt 
B battery and 1.4 volts at 
0.5 Amps; a no. 6 dry cell is 


recommended for the fila¬ 
ments. 

I bought my rig from Fair 
Radio in Lima, Ohio, for a 
total of $60.00, which in¬ 
cludes the rig ($39.95), the 
manual ($8.50), and the 
power connector ($4.00). 
The balance was UPS. The 
home-brew power supply I 
made came from the junk 
box, but Fair has a suitable 
power transformer and fil¬ 
ter choke for about $10.00 
total. The whole power 
supply shouldn't cost an¬ 
other $25.00. Now where 
can you get a 50-Watt, 
four-band CW portable(?) 
transceiver today for 
eighty-five bucks? 

Powering the Rig 

The military had several 
power supplies for power¬ 
ing the rig. First was the 
P.P. 237 vibrator supply for 
6-, 12- , and 24-V-dc input; 
similarly there is the DY88 
supply which also runs off 
6,12, or24 V dc. The DY105 
runs only on 24 V dc. P.P. 
327 is the 120-V-ac supply 
and the neatest of all is the 
GN58. The GN58 is a hand- 
cranked generator which 
will power the rig at some¬ 
what reduced power out. 
This really goes over great 
with the jr. ops when they 
are pressed into service on 
Field Day. (Mine was actu¬ 
ally disappointed when I 
didn't buy one!) Only the 
GN48 was listed as avail- 


Photos by Chris Wurtzinger 



Photo A. The home-brew power supply is on the left. The 
GRC-9 is on the right. 
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Specifications 

• Frequency coverage 2-12 MHz In three bands: 

Band 1 — 2.0 MHz to 3.6 MHz 

Band 2— 3.6 MHz to 6.6 MHz 
Band 3— 6.6 MHz to 12.4 MHz 

• Calibration marks are every 20 kHz on bands 1 and 2, and 
every 50 kHz on band 3 on the receiver dial and the transmitter 
calibration chart. 

• Frequency Stability 

Transmitter frequency stability is ±0.02% for supply varia¬ 
tions of ± 10%. Nominal final input is 50 Watts with a 560-volt 
supply. Receiver stability is not spec’d, but varying the 
receiver B supply ± 10% on CW did not take the signal beat 
note out of the audible range. 

• Transmitter Power Output 

Transmitter power-output switch at High and Low positions: 
Mil Spec (High) 15 Watts CW, 7 W AM 
(Low) 5 Watts CW, 1 W AM 
Measured at 3.7 and 7.1 MHz into a 50-Ohm load: 

(High) 28 W CW, 16 W AM 
(Low) 9 W CW, 4 W AM 

• Receiver 
Sensitivity: 

Mil Spec 2 uV CW, 10 uV AM 

for 10-dB signal-to-noise ratio 
Measured 0.9 uV CW (7 MHz), 3 uV (7 MHz) AM 

0.8 uV CW (3.7 MHz), 3 uV (3.7 MHz) AM 


• Bandwidth 

_ Mil Spec _ Measured 

6 dB down 3.5 kHz maximum 2.9 kHz 

20 dB down 12 kHz 10 kHz 

60 dB down 30 kHz 23 kHz 


• Calibration Accuracy 

The mil spec calls out ± one calibration mark on any band. I 
never found more than two fiducial line widths of error in the 
ham bands. The receiver has a “netting” capability to permit 
setting the transmitter frequency exactly to the signal being 
received. There also are separate volume and rf-gain controls, 
a bandswitch, and a dial-light push-button for lighting the dial 
lamp when necessary. 

• Power Requirements 
Transmitter 

B + (final) 400 to 600 V dc @ 100 mA 
B+ (MO & X2) 105 V dc @ 50 mA 
Filament: 6.3 V dc @ 2 Amps regulated 
Relay: 6.3 V dc @ 0.5 Amps 
Receiver: 

13+ 90 to 150 V dc @ 18 mA 
Filaments: 1.4 V @ 0.5 A 
Output Power: 90 mW @ 10% distortion 
Output Impedance: 250 Ohms or 4k Ohms 


able in the Fair Radio 
catalog. 

None of the reasonable 
power supplies is avail¬ 
able, so I home-brewed 
one. The schematic in Fig. 
1 shows how simple it is. 
The supply will provide 
power for 12-V-dc portable 
operation and 120-V-ac op¬ 
eration in the shack. 

For portable operation, 
the 12 volts for the fila¬ 
ment regulator and relay 
supply come direct from 
the battery. The plate sup¬ 
ply is powered from a 12-V- 
dc-to-120-V-ac 60-Flz in¬ 
verter. The requirements 
are about 100 Watts total 
from the inverter. There 
are a number of camping 
inverters which will fill the 
bill. Another possibility is 
one of the little gasoline- 
engine-driven generators 
to provide 120 V ac for all 
the power requirements. 

The power supply is 
shown in Photo A, next to 
the rig. No special precau¬ 
tions in building it are 
needed. The power trans¬ 
former and filter choke are 
available from Fair Radio. 
Flowever, any power trans¬ 
former giving 600 to 900 V 
ac center-tapped at 200 
mA, 6.3 V ac at 3 Amps or 
more, and 5 V at 3 Amps 
will serve admirably. The 
choke should be 8 to 12 
henrys at 150 mA. 

Using the specified 
transformer and choke, the 
outputs will be: B-plus final, 
+ 560 V @ 100 mA; B-plus 
(send), +105 V @ 50 mA; 
B-plus (standby), +105 
V @ 20 mA; filament trans¬ 
mitter, + 6.3 V dc @ 2 
Amps; filament receiver, 
+ 1.4 V dc @ 0.5 Amps; 
relay, +6.3 V @ 0.5 Amps. 
Note: Only one 105-V re¬ 
quirement is used at one 
time; never both at once. 

The "send" rating is for 
when the transmitter is 
working and the "standby" 
is for when only the receiv¬ 
er is on. 

Construction is straight¬ 
forward. The only adjust¬ 
ments are the voltage-regu¬ 


lator current-limiting re¬ 
sistors. 

Before turning power on 
with the rig, check the pow¬ 
er supply alone. Set R1, R2, 
and R3 for maximum resis¬ 
tance. This is very impor¬ 
tant or you will blow the 
tube filaments or the 0C3. 
The relay output should be 
about 12 V dc, no load. 
The transmitter filaments 
should read 6.3 if R4 poten¬ 
tiometer is set right. If you 
don't read 6.3 on the trans¬ 
mitter filament line, set R4 
for a 6.3-V-dc output. 

Connect the power sup¬ 
ply to the GRC-9 and turn 
the supply on. Then set the 
control E to Standby. Plug 
a pair of phones into the re¬ 
ceiver phone jack. This 
turns the receiver on. Mea¬ 
sure the 1.4-volt line and 
adjust R3 for 1.4 V dc on 
this line. 

Then adjust R1 for 20 
mA through R1 with con¬ 
trol E still in Standby. Now 
turn control E to Send. 
Check the 6.3-V-dc trans¬ 
mitter-filament output to 
make sure it is still 6.3 V. If 
it is not, carefully adjust 
R4 for 6.3-V output. Check 
the 1.4-V output again. It 
should read 1.4 to 1.5 V in 
both the Send and Standby 
positions of control E. Still 
in the Send position, adjust 
R2 for 50 mA through R2. 
This completes the power- 
supply adjustments. 

At this point, attaching 
an antenna to the rig 
should permit receiving 
the ham bands and the 5-, 
6-, and 9.5-MHz shortwave 
broadcast bands. This 
brings us to the next and 
perhaps the most impor¬ 
tant point—the antenna. 

Antennas 

As I mentioned, the rig 
has a built-in antenna- 
matching network. The cir¬ 
cuit will match an endfed 
half-wave longwire, a six- 
teen-to-twenty-foot whip, 
or a half-wave dipole. 

For longwires, a full half¬ 
wave-long conductor is 
endfed by the matching 


network when control A is 
in the Reel position. This is 
the second-best antenna 
configuration to use with 
this set, the dipole/doublet 
being the best. With the rig 
driving the high-imped¬ 
ance point on the antenna, 
the antenna current is low 
(voltage at feedpoint is 
high, however) and the 
ground losses in a poor 
ground system will be mini¬ 
mized. Most ground sys- 


; terns that can be put to- 

; gether for portable work 

i are usually poor because 

i of relatively high resis¬ 

tance. When driving a low- 
I Z antenna, the l 2 R losses 
are high in the ground sys¬ 
tem, thus wasting power. 

The Whip position per- 
. mits using an antenna 16 to 

■ 20 feet long against a good 

ground. 

As I noted before, a low- 
resistance ground is neces- 
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Photo B. Rear view oi the receiver with tube shield off. 
Note output Z switch on left side of chassis. 


sary for satisfactory oper¬ 
ation with a whip antenna 
I would recommend at 
least six 30-foot radials laid 
on the ground with the 
ends attached to one- or 
two-foot ground rods driv¬ 
en into as moist a soil as 
you can find. 


In the Doublet position, 
the matching network is 
designed to match a 50-to- 
70-Ohm balanced load A 
half-wave doublet has a 
center-driving impedance 
of 72 Ohms when the an¬ 
tenna is more than a quar¬ 
ter wave above the ground. 



Selling 73 Mag- 

^ azine will make 

money for you. Consid- 

^ Fact #1: Selling 73 Magazine 
^increases store traffic—our dealers 
tell us that 73 Magazine is the hot- 
test-selling amateur radio magazine on the 
newsstands. 

Fact #2: There is a direct correlation between 
store traffic and sales—increase the number of people 
coming through your door and you'll increase sales. 
Fact #3: Fact #1 + Fact #2 = INCREASED SALES, 
which means more money for you. And that’s a fact. 

For information on selling 73 Magazine, call 
800-343-0728 and speak with our direct sales 
manager. Or write to 73 Magazine, 80 Pine St., 
Peterborough, NH 03458. 

73 MAGAZINE 

80 Pine Street Peterborough. NH 03458 

800-343-0728 



Photo C. Rear view of the transmitter showing location of 
crystal sockets. They are marked for band and A or B. 


72-Ohm twin lead can be 
used as the transmission 
line, or RC-59 (75-Ohm 
coax) can be used. If coax 
is used, the shield should 
go to the terminal marked 
"doublet" and a jumper 
should be put between this 
terminal and the ground 
terminal on the receiver 
panel. 

Whatever the type of an¬ 
tenna chosen, place con¬ 
trol A on the highest num¬ 
ber of that type. For in¬ 
stance, whip-antenna load¬ 
ing should start at Whip 4 
and work down to Whip 1 
The Reel position is actual¬ 
ly for the longwires. Here 
you start at 8 and work 
down to 5, and finally for 
doublets, you start at 11 
and work down to 9. 

The procedure for tun¬ 
ing should be as follows 
Assume a doublet is to be 
used. 

Set control A to 11 and 
vary control C between 1 
and 10, setting it for the 
brightest indication of indi¬ 
cator B. Make sure the red 
dots are matched on the in¬ 
dicator bezel. 


When using the long- 
wire, it may be difficult to 
get a good indication. In 
this case, disconnect the 
antenna and quickly tune 
the matching network for 
maximum glow of indica¬ 
tor B. Then reconnect the 
antenna. Do not keep the 
transmitter keyed more 
than 15 seconds under the 
no-antenna condition, or 
damage will occur to the 
2E22. 

If a multiband vertical is 
to be used with the rig, use 
the Doublet position with 
RG-58 or RG-8 and the 
shield connected to "dou¬ 
blet" and "ground" con¬ 
nectors. 

The matching network 
will make up for minor 
variations in antenna 
length. Recommended an¬ 
tenna lengths for the ham 
bands are shown in Fig. 4 
Receiver Operation 

The receiver functions 
when the power supply is 
turned on and when the 
transmitter switch, control 
E, is placed as follows: 

A. Standby Position The 
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Fig. 1. Location and identification of receiver controls. 

Standby position is used 4000 Ohms. Note: If the 
when long periods of plug is not in the Phones 
listening are required in jack, the filaments of the 
order to reduce the watt- receiver tubes will not 
age requirement from the light, 
power source. C. Connect the antenna 

B. Send Position. This po- and a ground wire. Then set 
sition is used when the re- the antenna selector 
ceiver is silenced and the switch, control A on the 
transmitter is turned on transmitter, as shown in 
when the key or the push- Fig. 5. 
to-talk switch is pressed. AM Reception. 

Preliminary starting pro- Turn control L to Phone, 

c edure for receiver. Place Turn control E on the 

operation switch control L transmitter to Send or 
as follows: Standby 

1) Phone. When receiv- Turn controls O and P 
ing AM or MCW signals. counterclockwise for a 

2) CW. When receiving comfortable listening level 

CW signals. in the headset. 

3) Cal. When calibration CW Reception. 

of the receiver dial is de- Turn control "L" to CW. 
sired. Tune for an audible beat 

4) Net. When aligning note instead of a modulat- 
the transmitter frequency ed signal. Adjust tuning for 
(control I) to the received suitable beat note. 

signal for net operation. 

Also for aligning the MO Receiver Calibration 
(master oscillator) stage This operation is used to 
(control H) of the transmit- check whether the dial 
ter when the receiver dial is reading for tuning control 
accurately calibrated N actually gives the true 

Set bandswitch control frequency to which the re- 
M for the desired band of ceiver is tuned, 
operation A 200-kHz crystal in- 

Turn af gain control O stalled in the receiver sup- 
and rf gain control P to plies a series of crystal-con- 
their maximum clockwise trolled check frequencies 
positions. against which to check the 

Turn on the switch of the calibration of the receiv- 
power supply. Install the er and transmitter. These 
plug of the headset into the check frequencies are all 
Phones jack of the re- harmonics of 200 kHz. The 
ceiver. calibration checkpoints 

Prior to using the set, are 2,000 kHz, 2,200 kHz, 
remove the receiver from 2,400 kHz, and up to 12 
the case and set the im- MHz, thus covering the en- 
pedance switch located on tire range of the radio set. 
the rear of the receiver sec- To check the calibration of 
tion to the desired im- the receiver dial, proceed 
pedance, 250 Ohms or as follows: 



Fig. 2. Location and identification of transmitter controls. 


1) Turn control L to Cal. Net position is used in con- 

2) Turn control E on the junction with the transmit- 

transmitter to Standby. ter when it is desired to 

3) Turn control D on the place the transmitter in a 
transmitter to Phone. In group or net. To be sure 
the Phone position, the that the transmitter is 
filaments of all the trans- tuned to the same frequen- 
mitter tubes are not sup- cy as the receiver, proceed 
plied with power and are as follows: 

inoperative unless the mi- 1)Turn switch E to the 

crophone push-button is Send position 

pressed. 2) Receive the desired 

4) Turn af gain control O signal with the receiver 

to the maximum or great- tuning control L on CW. 
est clockwise position. 3) Observe the frequen- 

5) Turn rf gain control P cy of the station and, refer- 

to the maximum or great- ring to the transmitter-cali- 
est clockwise position. bration chart, adjust the 

6) Turn control M to transmitter frequency con- 

band 3. trol dial I to the approxi- 

7) Turn tuning knob N mate frequency. 

to the lowest-frequency 4) Turn switch L on the 
check (2.0 MHz). Adjust receiver to the Net posi- 
the tuning knob until zero tion. 
beat is obtained on the 5) Turn switch D on the 
strongest beat note in the transmitter to CW. Do not 
vicinity of the crystal place switch D on Phone 
checkpoint. At this point, because it will be impossi¬ 
ble dial should read close ble to tune the transmitter 
to the 2.0-MHz mark, to the receiver frequency. 
Check in a similar fashion 6) Tune the transmitter 
at a 200 kHz point near the frequency control I until 
desired receive frequency. the strongest beat note is 

If interference from heard in the headset, 
strong signals is being 7) Adjust frequency con- 
picked up during calibra- trol I on the transmitter un- 
tion, the antenna lead-in til a condition of zero beat 
can be disconnected from is obtained, 
the antenna binding post to Caution: During the en- 
avoid misleading beats. tire process of tuning the 

, transmitter to the receiver. 

Net Operation do not p ress the key be- 

The Net position of con- cause this will cause the 
trol L allows the transmit- transmitter to have full 
ter to be tuned exactly to output, 
any frequency which the 8) After the zero beat is 
receiver is receiving. The found, lock the tuning 
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knob of frequency con¬ 
trol I, 

9) Turn control D on the 
transmitter to CW. 

10) Turn control L on the 
receiver to CW 

Transmitter Operation 

The transmitter func¬ 
tions only when Off-Send- 
Standby control E (see Fig. 

2) is in the Send position. 
When the key or micro¬ 
phone switch is closed, 
power is supplied to the 
transmitter and removed 
from the receiver. 

Dial Reading. The tuning 
dial associated with fre¬ 
quency control I consists 
of two graduated scales. 
One is located behind a 
glass window and the other 
is marked around the edge 
of the tuning-control knob. 
The numbers on both of 
these scales are taken as 
one reading, and they 
determine the frequency to 
which the transmitter is 
tuned. The numbers are 


not the actual transmitting 
frequencies but are related 
to these frequencies by the 
calibration chart on the 
transmitter panel. Do not 
operate the transmitter 
without the antenna con¬ 
nected. Damage to power 
tube 2E22 will result. 

Dial-Reading Calibration 
Chart. On the transmitter 
panel is a dial-reading cali¬ 
bration chart which relates 
the different frequencies 
of transmission to the dial 
settings. Each set must be 
tuned by the chart on its 
panel Assume that it is de¬ 
sired to transmit on a fre¬ 
quency of 5,540 kHz in 
band 2; proceed as follows: 

1) Find 5,500 kHz in the 
Freq. column of the band 2 
section. Five columns, 
each with headings from 
+ 00 kHz to -80 kHz. 
follow this column. 

2) Because the dial set¬ 
ting for 5,540 kHz is 
wanted, the +40-kHz col¬ 
umn is the one referred to. 


3) In the small box where 
lines through 5,500 kHz 
and +40 kHz intersect, the 
number 2284 is found. This 
is the number to which the 
dial should be set in order 
to transmit a frequency of 
5,540 kHz-22 in the win¬ 
dow and 84 on the knob 
skirt. 

Vfo Operation 

The oscillator section of 
the transmitter may be 
either crystal-controlled 
(Xtal position of control F) 
or a master oscillator (MO 
position of control F). The 
MO can tune over the en¬ 
tire band. 

To transmit using the 
MO, proceed as follows: 

1) Connect the antenna, 
key, microphone, power 
cable, and start-up set. 

2) Set switch D to Phone, 
MCW, or CW, whichever 
type of transmission is 
desired. 

3) Set control F to the 
MO position for the de¬ 
sired frequency band. 

4) Release the lock on 
the frequency-control knob 
(control I). Turn control I to 
correspond with the trans¬ 
mitting frequency as 
shown on the calibration 
chart. If an unlisted fre¬ 
quency is used, interpolate 
to obtain the correct dial 
setting. 

5) Turn antenna selector 
switch A to the highest 
numbered position for the 


Band 

Longwire Doublet 

Whip 

160 m 

240' 240' 

20' 

80m 

132’ 132’ 

20’ 

40m 

65’ 65' 

20’ 

30m 

46’ 46’ 

16’ 

Fig. 4. Recommended antenna lengths for the ham bands. 

Ant. binding post 

Control A Position 

connection 

Gnd. Post 

Whip 1,2,3, or 4 

Ant. 

Gnd. 

Reel 5,6,7, or 8 

Ant. 

Gnd. 

Doublet 9,10, or 11 

Ant. and Doublet 

Not Used 

Fig. 5. Antenna selector switch (control A) settings. 
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type of antenna being 
used. 

6) Turn the outer lens of 
indicator B until the red 
dot is adjacent to either 
red dot on the stationary 
lens. 

7) Turn switch E to Send. 

8) Turn control L on the 
receiver to Phone or CW 
position so that the side- 
tone can be heard. 

9) Release the dial lock 
on antenna tuning control 
C. Press the button on the 
microphone, or close the 
key and rotate control C 
until indicator B glows at 
its maximum intensity. This 
indicates resonance or 
matching of the antenna to 
the transmitter. 

10) If the indicator does 
not glow through a com¬ 
plete sweep of knob C, turn 
antenna selector knob A to 
the next lower number. Ro¬ 
tate knob C again until 
maximum glow is seen. If 
there is still no glow, repeat 
with knob A. 

11) If the indicator glows 
with more than one setting 
of knob A, always use the 
highest-numbered position 
of this switch at which the 
indicator will glow. When 
using a longwire antenna, it 
is sometimes difficult to 
see any indication of reso¬ 
nance on indicator B when 
control C is tuned through 
resonance. In that case, 
temporarily remove the an¬ 
tenna lead from the anten¬ 
na binding post and adjust 
control C to give maximum 
indicator glow, then recon¬ 
nect the antenna lead and 
proceed with normal oper¬ 
ation. When the antenna 
lead-in is reconnected, re¬ 
adjust control C for maxi¬ 
mum brilliance, if neces¬ 
sary. 

12) When the tuning pro¬ 
cedure is completed, lock 
controls I and C in place. 

13) Adjust sidetone vol¬ 
ume control C for the de¬ 
sired volume level in the 
headset 

Transmitter Calibration 

If it is desired to send 
a signal of approximately 



3,800 kHz, set frequency 
control knob I at the 
appropriate setting as de¬ 
termined from the chart. 
When this setting is made, 
the calibration operation 
ensures that the transmit¬ 
ter will send a signal of 
3,800 kHz. This is accom¬ 
plished first by accurately 
calibrating the receiver, 
and then by feeding a re¬ 
duced signal output of the 
transmitter into the receiv¬ 
er. The procedure is as fol¬ 
lows: 

1) Calibrate the receiver. 
The selected calibration 
frequency of the receiver 
must be a multiple of 200 
kHz, which is closest to the 
desired signal output of the 
transmitter. Assume that a 
transmitter signal of 3,835 
kHz is desired The receiv¬ 
er should first be cali¬ 
brated at 3,800 kHz be¬ 
cause receiver calibration 
is accomplished by using 
the harmonics of a 200-kHz 
crystal. 

2) Turn control F to MO 
for band 2. 

3) From the transmitter 
calibration chart, deter¬ 
mine the dial setting corre¬ 
sponding to the calibra¬ 


tion-check frequency and 
turn frequency control 
knob I to that dial setting. 

4) Turn control L on the 
receiver to the Net posi¬ 
tion. 

5) Set control D on the 
transmitter to CW. Do not 
set it to Phone because cal¬ 
ibration will be impossible 
in that position. 

6) Turn control E to 
Send 

7) Turn af gain control O 
and rf gain control P on the 
receiver to their mid-posi¬ 
tion settings. 

8) Adjust oscillator cali¬ 
bration control H on the 
transmitter with a screw¬ 
driver until a beat note 
heard in the headset stops 
and then starts again. The 
place where the silent 
point (zero beat) appears is 
where control H should be 
set. This corrects the cali¬ 
bration for that particular 
frequency, and all other 
frequencies within that 
band also will be correct, 

9) To restore the receiver 
and transmitter to normal 
operation, turn control L to 
CW. Then set control I to 
the chart reading for 3,585 
kHz. 


Crystal Operation 
of Transmitter 

To use crystals in the op¬ 
eration of the transmitter, 
the following procedure 
should be used: 

1) Select operating fre¬ 
quency. Note: Crystal fre¬ 
quency is one-half operat¬ 
ing frequency. Use only 
series-mode crystals. 

2) Plug crystal into ap¬ 
propriate band sockets 
(band 1 for 40 and 30 
meters, band 3 for 160 
meters). 

3) Look up operating fre¬ 
quency on calibration 
chart. Set frequency con¬ 
trol I to the indicated dial 
reading. 

4) Rotate control I above 
and below this setting 
while holding the key down 
and observe indicator B. 
The correct setting will cor¬ 
respond to the brightest 
glow of the indicator. Re¬ 
adjust control C again for 
maximum brightness of in¬ 
dicator. 

The crystal-oscillator 
section of the transmitter 
may be checked for opera¬ 
tion as follows: 

1)Set receiver control L 
to Net. 


(Newark, #13F539—$3.12 ea.) 
(Newark, #13F530—2.80 ea) 
(Newark, #13F505—2.69 ea.) 
(Newark, #27F1116—1.87 ea.) 

(Radio Shack—.49 ea.) 
(Newark, #13F147—1.27 ea.) 

(Radio Shack—.49 ea.) 
(Newark, #13F147—1.27 ea.) 
(Newark, #13F147—1.97 ea.) 

(Fair Radio, #3252—9.95 ea.) 
(Newark, #18F235—5.40 ea.) 

(Radio Shack—.37 ea.) 
(Newark, #15F073—.42 ea) 
(Newark, #18F2446—5.73 ea.) 
(Fair Radio, #228-1859—3.25 ea) 
(Newark, #IN4007—.55 ea.) 
(Newark, #MR850—.55 ea.) 
(Newark, #MJ2955—1.06 ea.) 
(Newark, #MC7805CK—221 ea) 
Newark Electronics 
500 N. Pulaski Road 
Chicago IL60625 


2) Adjust the receiver to 
the transmitted frequency, 
rocking the receiver dial 
knob N slightly to both 
sides of the desired fre¬ 
quency while listening for 
a strong signal (beat note). 
If a beat note is not heard 
close to the expected fre¬ 
quency, the crystal is not 
operating. 

Floobystones 

After the first few con¬ 
tacts I started to ask how 
the rig really sounded on 
the air. Some reliable 
locals were worked and 
they critiqued the rig. The 
results were gratifying. The 
keying characteristics in the 
MO mode are quite good 
and no drift was measured 
over a half-hour operating 
time. All agreed that the rig 
is worth the money. 

I look forward to the 
camping season when I can 
take the rig on weekend 
campouts 

Are there improvements 
I would like to make to the 
rig? Sure there are. First, I 
am building an active fil¬ 
ter/amplifier module to im¬ 
prove receiver perfor¬ 
mance. The 3-kHz-receiver 
bandwidth is a little wide 
for good CW work I am 
building a 600-Hz active fil¬ 
ter which will be combined 
with a one-Watt audio amp 
to drive a speaker. This will 
help quite a bit. I have used 
these filters before and 
they really help things in a 
crowded CW band. 

I am also looking at the 
possibility of making the 
first i-f regenerative and us¬ 
ing it as a Q multiplier. 

Considering the cost— 
$60.00 total—the conver¬ 
sion effort, building a pow¬ 
er supply and cable, and 
the total time (about eight 
hours), this was one of the 
most successful surplus 
conversions I have ever 
made. I will be glad to an¬ 
swer any questions anyone 
may have if they write me 
at the address given and in¬ 
clude a self-addressed 
stamped envelope.■ 
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Power-Supply Parts List 
Rl lOk-Ohm. 10-Watt adjustable wire-wound resistor 

R2 3k-Ohm, 10-Watt adjustable wire-wound resistor 

R3 10-Ohm, 5-Watt adjustable wire-wound resistor 

R4 !>00-Ohm, 2.5-Watt potentiometer 

R5 330-Ohm, '/2-Watt, 10%, fixed carbon-composition 

resistor 

R6 12-Ohm, 5-Watt fixed wire-wound resistor 

R7 39-Ohm, 1-Watt, 10%, fixed carbon composition 

resistor 

R8 20k-Ohm, 10-Watt fixed wire-wound resistor 

R9 40k-Ohm, 20-Watt fixed wire-wound resistor 

T1 Power transformer 810 V ac c-t @ 220 mA, 6.3 V 

ac @ 3 A, 5 V ac @ 3 A 

Cl, 2 80-uF, 450-V-dc electrolytic capacitor 

C3 0.1-uF, 50-V-dc ceramic capacitor 

C4 2-uF, 15-V-dc electrolytic capacitor 

C5 10,000-uF, 15-V-dc electrolytic capacitor 

CHI 10-henry choke 

CR1, 2, 3, 4 1N4007 1000-V-piv @ 1 -A diodes 

CR5,6, 7,8 MR850 50-V-piv @ 3-A diodes 

Ql MJ2955 PNP power transistor 

IC1 MC7805CK 5-volt 1C regulator 

Fair Radio Sales Co., Inc. 

1016 E. Eureka Street, PO Box 1105 

Lima OH 45802 

(419)-223-2196 



Cornelius C 

144 5 W St 


Nouel KCSB 
franc/s 
TX 78520 


The Texas Trans-Tester 

Here's how to measure small-signal gain 
with a transistor checker you've built from scratch. 


O ne simple way that 
many of us use to test 
transistors is by means of an 
ohmmeter, Each junction is 
measured for forward and 
reverse resistance These 
tests can detect if the junc¬ 
tions are open or shorted or 
if excessive leakage is occur¬ 
ring. In fact, it can be a use 
ful check to identify the 
type of transistor, but it 
doesn't tell us much more 
I thought it would be nice 
to be able to measure tran¬ 
sistor gain with a reasonable 
amount of certainty, so after 
reading up a bit on the sub¬ 


ject I put together a little 
tester to measure the static 
beta, or hf e —or what the ex¬ 
perts call "the common- 
emitter static value of for¬ 
ward-current transfer ratio,'' 
or, more simply, the no-sig¬ 
nal current gain of a ground¬ 
ed-emitter amplifier. 

Despite the ominous 
sounding words, the re¬ 
quired setup is very simple, 
as can be seen in Fig. 1. This 
did the job, but after a while 
I wanted something more 
accurate; the readings being 
obtained included the leak¬ 


age current and therefore 
didn't tell me the real gain. 

The schematic diagram in 
Fig. 2 shows what I finally 
worked out to measure the 
small-signal gain, or hf e , also 
called the ac beta of the 
transistor. During this mea¬ 
surement, a collector cur¬ 
rent (which includes leakage 
current) is first established 
to simulate an operating 
condition, then the current 
is cancelled in the metering 
circuit and additional bias is 
applied; the meter now will 
show the current gain under 
those conditions. 

Construction 

The checker was built in a 
small plastic instrument 
cabinet (Radio Shack 
#270-222). There is absolute¬ 
ly nothing critical about the 
circuit. R1 is a 1-megohm lin¬ 
ear pot to control or set the 
initial bias. R2 is a 2k-Ohm 
linear pot to zero the meter 
Both these pots have switch¬ 
es, as shown in the diagram. 

All the resistors are 
1/4-Watt, 10 percent. Test 
switch SW3 is a normally- 
open push-on (Radio Shack 
#275-1547 or similar). For 
SW4, I used a common-vari¬ 
ety DPDT slide switch (Ra- 



Fig. 7. Static beta measure¬ 
ment. 


dio Shack #275-407 or simi¬ 
lar). The only expensive item 
is the meter. I happened to 
have a 1-7/8" X 1-5/8" 100- 
microamp size; I shunted it 
to measure O-to-2 mA so that 
it would measure a maxi¬ 
mum hf e of 200. Some tran¬ 
sistors may go out of scale, 
so a 0-3 or 0-4 might be a bet¬ 
ter choice. A more economi¬ 
cal approach for those who 
have a multimeter might be 
to install a socket or binding 
post and use the outside 
meter. 

To power the tester, I use 
an ac adapter (Radio Shack 
#273-1454A) that provides 6 
volts dc, but you could build 
your own power supply in 
the conventional way. May¬ 
be a bigger cabinet can be 
used with a larger meter and 
a built-in power supply Inci¬ 
dentally. I use the ac adapt¬ 
er to run a chess game when 
I am not checking tran¬ 
sistors 

Using the Meter 

Connect the transistor to 
the appropriate leads and 
set the slide switch to NPN 
or PNP, as the case may be, 
then turn SW1 on and set 
the meter to 1 mA This is 
the initial bias. Now. turn 
SW2 on and with R2 set the 
meter to zero. To measure 
the hj e gain, push the test 
switch If the scale is in milli- 
amps, multiply it by 100 to 
obtain the small signal cur¬ 
rent gain 

I have found this little 
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Fig. 2. Schematic diagram. 

meter very useful, especial- still usable. It cannot tell up 
ly when trying to identify to what frequency the tran- 
and evaluate hordes of tran- sistor will work, nor will it 
sistors that have somehow test FETs, JFETs, or MOS- 

found their way into my FETs, etc. For those tests, 

junk box. With the values other circuits are required.■ 
shown, it will test or mea¬ 
sure any small- or medium- References 
signal bipolar transistor. It i. Solid State Servicing, RCA In- 
cannot be used to measure stitutes, Inc. 


HIGH PERFORMANCE 
PRESELECTOR-PREAMP 


The solution to most interference, mtermod, and desense 

problems in AMATEUR and COMMERCIAL systems 


AUTOMATIC IDENTIFIERS 



R1 1-megohm linear potentiometer with switch 
R2 2k linear potentiometer with switch 
R3 Ik, 1/4-Watt, 10% resistor 
R4 270-Ohm, 1/4-Watt, 10% resistor 
R5 470k-Ohm, 1/4-Watt, 10% resistor 


GLB ELECTRONICS 


Only the genuine has these trademarks 1 







































































































WHAT’S REALLY HAPPENING 
IN HOME SATELLITE TV? 

MM SATELLITE 

m mm tel evision 
mm M ■r. magazine 

A monthly of 100-plus pages, has all you 
need to know about where to find equip¬ 
ment, how it performs, how to install it, 
legal viewpoint, & industry insights. 


• $24.95 per yr. (12 monthly issues) 

• $ 2.00 for Sample Issue 

MONEY BACK GUARANTEE if not 
satisfied (subsription orders only). 
Keep first issue with our compliments. 


If you already have a dish, then you need 



—the best in satellite TV programming. 

★ Weekly Updated Listings 

★ All Scheduled Channels 

★ Complete Movie Listing 

★ All Sports Specials 

★ Prime Time Highlights 

• $39.00 per yr. (52 weekly issues) 

• $ 1.00 for Sample Copy 


Visa® MasterCard® accepted (sub¬ 
scription orders only). All prices in US 
funds only. Write for foreign rates. 

Send this ad along with your order to: 

STV™/OnSat™ 

P.O. Box 2384 - Dept. PS 
Shelby, NC 28151-2384 
Subscription calls only 

Toll Free 1 - 800 - 438-2020 
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1 PACKET RADIO 

PAC/NET SYSTEM j 

ASCII—USA/AX.25 
HDLC CONVERTER 

USA/AX.25 is the AMRAD approved digital 
format STANDARD used on amateur pack¬ 
et radio networks. 

PAC/NET SYSTEM $240.00 

System Tested 4.5 x 6” board complete 
with all 1C s and programmed EPROMs 
personalized for each purchaser. Re¬ 
quires only single 8-10 volt Vi amp power. 

1 year guarantee of hardware/soft- 
ware/AX.25 standard RS232 serial ASCII 
at any user baud rate.RS232 HDLC for 202 
modem used for AFSK or direct to RF 
equipment for FSK. 

CustomSystems Custom Programming 

Bill ^4shby 

■HAND SON Hi 

K2TKN—KA20EG 201-6S8-3087 


| Package of all ICs except 2 2716 

I EPROMs $80 00 

BOX 332 PLUCKEMIN N.J. 07978 



IRON POWDERand FERRITE PRODUCTS 

AMID0N. . 


Fast, Reliable Service Since 1963 
Small Orders Welcome Free 'Tech-Data' Flyer 

Toroidal Cores, Shielding Beads, Shielded Coil Forms 
Ferrite Rods, Pot Cores, Baiuns, Etc. 


12033 OTSEGO STREET, NORTH HOLLYWOOD, CALIFORNIA 91607 




































The Livonia Amateur Radio Club will ils annual Wintorfest'^ on Sunday. Feb March 14-16.1985,al VirQtmaTech.Blacks- Australia. 


W2NSD/1 

NEVER SAY DIE 

editorial by Wayne Green 


from page 6 

Even the Boy Scouts have 
dumped the code. 

The sound defeat of the no¬ 
code proposal before the FCC 
last year by the ARRL yes-men 
ham clubs could be the begin¬ 
ning of the end for our great hob¬ 


by. As it said in the article, 
"most of the students look upon 
it as a form of punishment" ac¬ 
cording to a teacher at a Navy 
school which still teaches a few 
people the code each year. Very 
few. 

Once the FCC has acted on a 
proposal, it is difficult to get 


them to ever go back and recon¬ 
sider it again. But look, if you 
will write a petition to the FCC 
recommending reconsideration 
of the no-code proposals—or 
even better, pass a petition 
around your ham club and at 
hamfests asking the FCC to re¬ 
consider—it's possible that we 
may get them to work with us 
again. Yes, I know they're abso¬ 
lutely disgusted with us for 
fighting progress and being so 
reactionary. They’re rightfully 
furious with us for sealing our 
own doom. But this is a democ¬ 
racy, so no matter how much 
they think we’re wrong, they’ve 
gone along with what you forced 
the ARRL to recommend and 
killed no-code. 


If you will, please send me a 
copy of your petition so I'll be 
able to take it to Washington 
and make sure that every one of 
the FCC Commissioners sees it 
personally. 

It’s simple to petition the 
FCC. You write a letter in your 
own words asking for the recon¬ 
sideration of the no-code ama¬ 
teur-radio license. You sign the 
letter, have it notarized, and 
send it to the Secretary, FCC, 
Washington DC 20554—and 
don’t forget a copy to Wayne 
Green W2NSD/1, 202N, Peter¬ 
borough NH 03458. 

And don't forget March 24th— 
Ham-Day! 
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AM HELP 


le Conar model 452 2- 
as supplied with the ol 
aurse. I will gladly pay 


G. C. La Grange W5AKQ 
318 E. Circle Drive 
Baytown TX 77521 


Tom Ciclora KA9QPN 


5026 Sidney Rd. 
Mt. Airy MD 21771 
(301^831-5501 


Fort White FL 32038 
compiling data on VHF/UHF rf 


n looking for information on tt 
?d by Radio Shack in 1982. Does an 




Contender Plus II ONLY $34.95 

CONTENDER PLUS (without DXCC)$29.95 

CONTENDER $19.95' -*- 

DEMO Disk $3.50. 
for FREE Fact Shoot o 
CRUMTRONICS 
SOFTWARE DIVISION 
-.0.80X6187 


" 1 / 



TEST EQUIPMENT 

RE-CONDITIONED AND 
LAB CALIBRATED 

HP606A SIGNAL GENERATOR 50 KHZ TO 65 MHZ 0 1 
MV TO 3V INTO 50 OHMS, 400/1000 HZ MODULA¬ 
TION, CRYSTAL CALIBRATOR.$375.00 

HP608C SIGNAL GENERATOR 10 MHZ TO 480 MHZ 
0.1 MV TO IV INTO 50 OHMS, AM/CW OR PULSE 
MODULATION, CALIBRATED ATTENUATOR 345.00 
HP614A SIGNAL GENERATOR 900 TO 2100 MHZ 0.5 
MV TO IV INTO 50 OHMS, INTERNAL OR EXTERNAL 
PULSE OR FM MODULATION CALIBRATED 

OUTPUT.345,00 

HP618B SIGNAL GENERATOR 3.8 GHZ TO 7.6 GHZ 
0.1 MW TO .1 V INTO 50 OHMS, CALIBRATED OUT¬ 
PUT. INTERNAL OR EXTERNAL PULSE OR FM MODU¬ 
LATION AND SQUARE WAVE MODULATION .375.00 
URM-2S SIGNAL GENERATOR 10 KHZ TO 50 MHZ, 
AM/CW MODULATION. 400 & 1 KHZ. RF OUTPUT 0-2 
V OR 0-1 V PRECISION 50 OHM STOP ATTENUATOR. 

SMALL PORTABLE UNIT.245.00 

URM-26 SIGNAL GENERATOR 4 MHZ 10 405 MHZ 
CALIBRATED OUTPUT 0 TO 2 V, MODULATION 
400/1000 HZ, CALIBRATED OUTPUT ATTENUATOR. 

SMALL COMPACT SIZE.245.00 

TS-510A/U SIGNAL GENERATOR 10 MHZ 10 420 MHZ. 
AM/CW OR PULSE EMISSION OUTPUT VOLTAGE 0 TO 
5 V CALIBRATED OUTPUT ATTENUATOR. 400/1000 
HZ MODULATION MILITARY MODEL OF HP608D 
295.00 

TS-418/URM-49 SIGNAL GENERATOR, 400 MHZ TO 
1000 MHZ AM, CW OR PULSE CALIBRATED OUTPUT 
AND ATTENUATOR POWER RANGE 0 TO -120 

DBM.195.00 

TS-419/URM-64 SIGNAL GENERATOR 900 THRU 2100 
MHZ. AM. CW OR PULSE EMISSION CALIBRATED 

OUTPUT AND ATTENUATOR.195.00 

TS-497/URR SIGNAL GENERATOR 2 MHZ THRU 400 
MHZ, CALIBRATED OUTPUT .1 TO 1 V INTO 50 OHMS 
400/1000 HZ MODULATION, AM/CW MILITARY VER¬ 
SION OF MEASURMENTS MODEL 80 .185 00 

SG-66/ARM-S SIGNAL GENERATOR USED FOR AIR¬ 
CRAFT VOROMNI RADIO REPAIR. RANGE 108 MHZ 
THRU 132 MHZ, MILITARY VERSION ARC H-14285.00 
SG-1/ARN SIGNAL GENERATOR WITH PP-348 POWER 
SUPPLY 88 MHZ TO 140 MHZ, CALIBRATED OUTPUT 
.1 MV to 1 V. MILITARY VERSION OF BOONTON 

211A.195.00 

SG-2/ARN AIRCRAFT GLIDE-SLOPE SIGNAL GENER¬ 
ATOR 329.3 TO 335 MHZ IF FREQ 15 lo 30 MHZ 
METERED OUTPUT .1 V to 2 V MODULATIONS VARI¬ 
ABLE 0-100% 90 lo 150 HZ. SAME AS BOONTON 232A 
245.00 

WE ACCEPT VISA M/C OR CHECK. ADD SHIPPING. WE 
SHIP BEST WAY. SATISFACTION GUARANTEED, 
IMMEDIATE SHIPMENT. PHONE BILL SLEP 
704-524-7519. 

1I.EP ELECTRONICS 
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products, write Midfan Electronics, 
East 22nd Street, Tucson AZ 85713. 
er Service number 489. 



some code ability, who seek greater profi- V° ur anienn 

crency, will also benefit from working with gathered * 
this new program, It's helpful in fta class- bridge. It’s € 

C.W. Tutorsoft is available fr m Twin set the frequ 
villa IA 50138. Reader Service number 486. Th « n reatj 1 


International Radio, Inc., has announced 
a line of eight-pole narrow filters designed 

ICOM products. 


rai Radio. Inc., 1532 SE Village Green 
re. Port St. Lucie Ft 33452; (305h335 
5. Reader Service number 480. 


This new radiocommunication package 
modore/VIC owners a complete RTTY/CW 


















































































73 Magazine • February, 1985 





























72 73 Magazine • February, 1985 



























































ATELLITES 

































































































jjpNTESTS 


Robert Baker WB2GFE 
IS Windsor Dr 
Atco NJ 08004 

ANNIVERSARY OF THE BATTLES 
OF KWAJALE1N AND ROW AMUR 
Starts: 0600 UTC February 1 
Ehds: 0600 UTC February 9 


21.360, 28.570, 50.110, 144.200; CW- 
3.540, 3.720, 7.040, 7.120, 14.040, 21.040, 
21,140. 28,040; RTTY—3.620 and 90 kHz 


144, APO SF 96555-0008. 


s per CW or RTTY contact. VT sta- 

multiply QSO points by number of 
ounties plus states plus Canadian 
nces plus ARRL countries (exclude 
anada). Others multiply QSO points 

20 bonus points for working W1BD. 
RDS: 

r non-VT stations, certificate to high- 


Send the list to KARC secretary, PO B< 

444, APO San Francisco 965550008. a I or 


VERMONT QSO PARTY 
Starts: 0001 UTC February 2 
Ends: 2400 UTC February 3 

Sponsored by the Central Vermont Am¬ 
ateur Radio Club {WtBDI. Each station 
may be contacted once on each band and 
mode (CW, phone, RTTY). CW and RTTY 
contacts must be In the CW and RTTY 

tacts are invalid. 

EXCHANGE: 

R$(T) and state, province, country, or 
two-letter designator for VT county (AD, 


Send an SASE for the official log and 
score sheets. Send logs/facsimiiles. 

later than March 1st—to; D. Nevin KKtU. 
W. Hill. Northfield VT 05663. Include an 
SASE for a copy of the results. 

NEW HAMPSHIRE QSO PARTY 
1900 UTC February 2 to 
0700 UTC February 3 
1400 UTC February 3 to 
0200 UTC February 4 

Sponsored by the NH Amateur Radio 




EXCHANGE: 

Send RSO) and country, state, VE pro 
ince, or NH county. 


FREQUENCIES: 

Phone- 1.875 r 3.975. 7.235, 14.280, 
21.380, 28.575, 50.115. 145.205; CW- 
1.810, 3555. 7.055,14.055. 21.055. 28.055; 
Novice—3.730. 7.130, 21.130, 28.130; 
RTTY—3.625, 7.085, 14.085, 21,085, 
28 085 


SCORING. 



AWARDS: 

Certificates will be awarded to the high¬ 
est scorer with a minimum of 5 QSOs in 
each NH county and state, province, and 

the highest scorer in NH courtesy of the 

Concord Brasspounders A Worked Ail 

NH Award, sponsored by W1JB, will be 


given to participants who work all 10 NH 




ENTRIES: 

1985, to: Great Bay Radio Association. PO 
Box 911, Dover NH 03280. Include a large 
SASE for results. 


QSOs Points 
K1KI 216 9,288 

K2SX 66 1,386 

W3ARK 117 2,340 

KN60 4 12 

K8PYD 42 756 

Dutch PACC Contest. 


send their two-letter province abbrevia¬ 
tion instead of a QSO number (GR» FR, DR, 


SCORING: 

Each QSO with PA, PB, or PI counts one 








DUTCH PACC CONTEST 
Starts: 1200 UTC February 9 
Ends: 1200 UTC February 10 

Use all Bands, 160 through 10 mslers, 
on CW and SSB. No crossmode operation 



ating categories include single operator, 
multi-operator, and SWL 

EXCHANGE: 

RS(T) plus sequential QSO serial num- 


YL-ISSB COMMO SYSTEM 
QSO PARTY-PHONE 
Starts: 0001 UTC February 23 
Ends: 2359 UTC February 24 

Use the General-class band portion on 

on all VHF Banda. Individuals needing ap- 

a 4 x 9 SASE to K9RDJ and NA8V. Rick 
and Minnie Connolly, Slat Route 1, Crock¬ 
er MO 63452. They do nor furnish log forms. 
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4TH ANNUAL RTTY WORLD 
CHAMPIONSHIP 
Starts: 0000 UTC February 23 
Ends: 2400 UTC February 23 



1) 20,000 miles 

2) 200,000 miles 

3) 20,000,000 miles 


1) 50 Watts 

2) 75 Watts 

3) 250 Watts 

4) 2 Kilowatts 

26) A shorting stick is a foi 
1 } capacitor 

2) resistor 

3) transistor 

4) safety device 


1) goodbye 

38) The 1947 World Administrative Radio 
Conference was held in: 


84 73 Magazine • February, 1985 




































The RF Wattmeter Model 810OO-A from Coaxial Dynamics, Inc. 
does more than provide accurate rf measurements. Testing of 
transmission lines, antennas, connectors. Tillers and related 
components can reveal unknown problems and assure 
optimum equipment performance. 

The 81000-AK Wattkit features this easy-to-read RF 
Wattmeter (pictured here), with its optional carrying case and 
an array of elements and 
accessories. Coaxial 
Dynamics elements can be 
purchased separately tor 
use in other manufac¬ 
turer’s Wattmeters. For 
more information on the 
81000-A Wattmeter or any 
of the complete line of 
Coaxial Dynamics RF 
products and OEM com¬ 
ponents please contact 
Coaxial Dynamics. Inc. 


_ 



I COAXIAL _ 

DYNAMICS, INC. 

























news in DX, contests, and events, 
as well as keep you abreast of 
the technical achievements of 
hams in other countries. 

If you would like to contribute 
to your country’s column, write 
to your country's correspondent 
or to 73: Amateur Radio’s Tech¬ 
nical Journal, Pine Street, Peter¬ 
borough NH 03458, USA, Attn: 
Perry Donham KWIO. 




1 
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reduction of 50% in the ticket, Joao got on (2) Stetions in other Europeen countries 
a plane on September 11th. need 20 districts, and 
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DEALER 

DIRECTORY 


Culver City CA 

Culver City CA 90230, 390-8003. Trades 

463-1886 San Diego, 827-5732 (Reno NV). 


Fontana CA 



Ave., Fontana CA 92335, 822-7710. 


San Jose CA 



Preston ID 

Ro* WB7BYZ ha* the largest stock of am- 



& Trac keym. Lamm, Hustler. Tele*/ 
P.S., Alpha Delta protectors. ARRL & 

radar detectors. Full line of coax fittings. 
TEL—COM Electronic Communica¬ 
tions. 675 Great Rd. (Rt 119), Littleton 
MA 01460. 486-3400>3040. 


Derry NH 



Albany, New York 
UPSTATE NEW YORK 



bin) OH 43068. 866-1267. 


Dallas TX 



{forawrly I.E.). 


DEALERS 

Your company name and message can 
contain up to 25 words (or as little as $150 
yearly (prepaid), or $15 per month (pre¬ 
paid quarterly). No mention of mail-order 
business or area code permitted. Direc¬ 
tory text and payment must reach us 60 
days in advance of publication. For ex¬ 
ample, advertising for the May '85 issue 
must be in our hands by March 1st. Mail 
to 73 Magazine, Peterborough NH 03458. 
ATTN: Nancy Ciampa. 


Propagation 

Jim Gray W1XU 
73 Staff 
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A = Next higher frequency may also be useful. 
B = Difficult circuit this period. 

G = Good, F = Fair, P= Poor. 


FEBRUARY 
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HAM-DAY ’85- 
Are You Ready? 


Ten Million Resistors: 
The Incredible Digiohm 
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73 


for Radio 
Amateurs 


W. Sanger Green, our "An¬ 
cient Aviator" columnist in 
the 1970s, died Christmas 
Eve, 1984. We dedicate 
this TVRO issue to him. Sat¬ 
ellites, Shuttle-types, other 
opportunities high above: 

I can't say for sure that 
Sanger ever thought about 
them when flying, when 
flying was risky in itself. I 
suspect he did.-JCB. 
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14 TVRO Trivia 

To those would-be satellite enthusiasts wondering which way Is “up," 
W6SMJ offers the comfort of his years of experience in home satellite 
TV reception.W6SMJ 

26 All This and PCII! 

Would you like a fully-programmable Morse keyboard that will bal¬ 
ance your checkbook and play Sousa marches? Then read onl 
.W4FXI 

28 Do Volunteer Examiners Work? 

A 73 Special Report 

National VEC W5YI says yes. He should know.W5YI 

34 The Incredible Digiohm 

How to put ten million resistors in the palm of your hand? Build the 
ultimate substitution box.Rich 

38 Speech! Speech! 

Here's a talking repeater controller that you can build in no time at 
all. It gives a whole new meaning to the word “vox"!.WA4TEM 

44 So Why Do They Call It Wireless? 

One easy antenna. Five hot bands. Need we say more? 
.WA8JXE 


48 Cheap Heath Help 

Is your HW-101's offset off? Try this four-dollar fix. Without it, you're being 
cheated out of QSOs.K6YB 
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W2NSD/1 


NEVER SAY DIE 

editorial by Wayne Green 



D-DAY 

The recent demand by the 
ARRL Board that the General 
Manager increase the number 
of hams this year was indeed 
entertaining. 

The fact Is that amateur ra¬ 
dio has gotten to be one of the 
better kept secrets In our coun¬ 
try. Recent surveys have shown 


that those few people who 
think they've heard of amateur 
radio are confusing it with CB. 
It makes an old-time ham 
proud, right? 

Okay, if we're going to get 
recruits Into amateur radio, our 
first step is to help make the 
general public aware of what 
our hobby is—what, if any¬ 


thing, we’re doing. There isn't 
any way we're going to get new 
hams if people don’t even know 
our hobby exists. 

There have been occasional 
demonstrations of ham sta¬ 
tions at fairs and malls, but 
those I've seen are long on 
hams sitting there doing incom¬ 
prehensible things and short on 
involving the public in even the 
slightest way. Oh, we may offer 
to take and deliver a message 
for passing people, but when 
the message is delivered weeks 
later in garbled form, some of 
the impact of this approach is 
lost. 

Ham exhibits tend to put em¬ 
phasis on newer technology 
too—another confusing situa¬ 
tion. How many of the general 
public will have even the faint¬ 
est idea of what Is going on as 
a ham RTTY printer clunks 
away, churning out paper or 
printer artwork? Phooey. 

So let's get cracking on 
something more practical—a 
real live demonstration of ama¬ 
teur radio. And let's set this up 
for Sunday, March 24th, so we 
can all get involved at once. 
You could pass the word to 
some DX stations, asking them 
to be sure to be around on the 
24th to help impress visitors to 
ham shacks all around our 
country. 

Your job is to make sure that 
you get any friends or neigh¬ 
bors over on the 24th so you 
can demonstrate amateur radio 
to them. This may be on a DX 
band or over a repeater—either 
way you will have to explain 
what you are doing (hopefully 
in plain language) and then let 
them get on the air and talk 
with hams and other similar vis- 



$ 


TAFF 


EXECUTIVE EDITOR 
Susan Philbrick 

MANAGING EDITOR 

TECHNICAUNTERNATlONAi EDITOR 

Perry Donham KWIO 
EDITORIAL ASSISTANTS 

Nancy Cook 
Richard Phenix 
Chris Schmidt 

DESIGNERS 

Diane Ritson 
Linda Drew 

ASSOCIATES 

Robert Baker WB2GFE 

Bill Gosney KE7C 
Chod Harris VP2ML 
Dr. Marc Leavey WA3AJR 
Bill Pasternak WA8ITF 
Peter Stark K20AW 


ADVERTISING 
1 - 800441-4403 
SALES MANAGER 
Jim Gray W1XU 
ASSISTANT SALES MANAGER 


GRAPHIC SERVICES DIRECTOR 
Christine Destrempes 
MANUFACTURING MANAGER 

Susan Gross 

TYPESETTING MANAGER 


GRAPHICS SERVICES SUPERVISOR 


VICE PRESIDENT/GENERAL 


VICE PRESIDENT/FINANCE 

Roger Murphy 

ASSISTANT GENERAL MANAGER 
ASSISTANT TO VP/FINANCE 

DIRECTOR OF CIRCULATION 

William P. Howard 

ASSISTANT CIRCULATION MAN AG El 

Frank Smith 

DIRECT AND NEWSSTAND SALES 


73 tor Radio Amateurs • March, 1985 


Continued on page 55 





EDITED BY PERRY DONHAM KW10 


ORX. 


Ham-Day 9 85 

MARK MARCH 24th on your calendar. 
That’s H-Day, the day that every amateur In 
the United States will invite one person 
into his shack to demonstrate what ham 
radio is all about. Don’t worry about sham¬ 
pooing the carpets or serving a five-course 
dinner, just ask someone over and make a 
few contacts. Whip out your hand-held and 
make a telephone call on the local auto¬ 
patch. Chat across town or across the 
world, but be sure that somebody is there 
to watch and take part. ARS W2NSD/1 will 
be on the air from 1500 to 2100 UTC; look 
for us around 14.255 MHz or drop us a line 
and we can make a schedule for a contact. 
Use any mode and band you feel comfort¬ 
able with, but please don't let your hobby 
down. Remember: March 24th. Pass it on. 

Display Replay 


KENWOOD TR-2500 OWNERS: Has your 
LCD turned a nice shade of black? If it has, 
Kenwood will mail you a free replacement 
display. Call the company at (213)-639-9000 
and ask for Amateur Parts Supply. 

Super Fly! 


GOING TO DAYTON this year for the big 
Hamvention? Fred Mala W5YI reports that 
Piedmont Airlines is offering a 35% dis¬ 
count to hams flying to Dayton on Pied¬ 
mont. The offer is good for a ten-day 
period centered on April 27, 1985, and is 
35% off the normal coach rate—about as 
cheap as you can go without needing a 
parachute. To make a reservation, call 
(800)-334-8644 and ask El lie Goforth for the 
W5YI Hamvention Special. Fred says that 
a lot of the credit for this great deal should 
go to Maurice Booth WD4RGU, who Is the 
Customer Service Manager for Piedmont 
in Dallas. See you at the showl 

GLB Update 

PACKETEERS USING GLB TNCs, In par¬ 
ticular those using them as digipeaters, 
should contact GLB for an update of their 
software. PK-1 software prior to version 3.5 
will not digipeat multiple frames with mul¬ 
tiple digipeaters; if a PK-1 is specified as 
part of a multi-repeater link, only the first 
frame in any transmission will be re¬ 
peated. To get the update, send your 
PROMs or a $10 deposit to GLB Electron¬ 
ics, 1952 Clinton Street, Buffalo NY 14206. 


The $10 deposit will be refunded when you 
return your old PROMs. 

Elmer Cited 


TEACHING KIDS about ham radio has 
earned Peter Kemp KA1KD an award from 
the Connecticut Department of Education. 
Cited by the Commissioner of Education 
as . .an outstanding vocational practice, 
one worthy of emulation by other 
schools,” Pete’s course is taught during 
the school day and offers students the op¬ 
portunity to learn the fundamentals of 
electronic communication, culminating in 
(you guessed It!) a Novice-class license. 
Pete says that he has Elmered hundreds of 
new Novices through the course, and that 
the state is evaluating the program for pos¬ 
sible inclusion in the curriculum of every 
school in the state! 

Hiss and Pop 

FOR THOSE STALWARTS who still moni¬ 
tor the ten-meter band for signs of life, I 
have a very nice list of ten-meter beacon 
stations, compiled by Joe Gumlno K20LG, 
that can be yours for the price of an SASE. 
The list seems to be pretty complete, with 
about sixty stations spanning the range of 
28.175 to 28.992 MHz. If you would like a 
copy, drop an SASE in the mall to 73 Mag¬ 
azine, 80 Pine Street, Peterborough NH 
03458, Attn: 10m Beacon. 

DXtra Special 

“ORX” CONGRATULATIONS go out to 
Don McDaniel KJ3Q, the 1984 Outstanding 
DXer, as determined by the Western Penn¬ 
sylvania DX Association. Don is an active 
member of the club and appears regularly 
on the 145.37-MHz repeater operated by 



An ecstatic Wayne Albert KB3KV fright) 
presents the WPDXA Outstanding DXer 
Award to Don McDaniel KJ3Q. 



Peter Kemp KA1KD (right) receives the 1984 
VIP Merit Award from Connecticut Commis¬ 
sioner of Education Dr, Gerald Tirozzi. 


the Association. The repeater is used ex¬ 
clusively for DX spotting and contest an¬ 
nouncements, and anyone within Its three- 
state coverage area (PA, OH, and WV) is 
welcome to join in. 

What’s New? 


SHAMELESSLY STOLEN from The Ground 
Wave, newsletter of the St. Paul Radio 
Club, are a few items to round out every 
ham’s shack: 

•For those who keep blowing fuses, 30- 
Amp fuses marked “3 Amps.” 

•Antenna tower holes, in assorted sizes 
and depths. Why dig when you can buy a 
hole ready-made? The design has been im¬ 
proved by threading them—if you move, 
simply unscrew them and take them 
along! 

•Antenna grease. One application is all 
that is needed—standing waves are lucky 
if they hang on lying down! 

•Everett Dirksen lozenges. A fine product 
that makes SSB sound like AM. These loz¬ 
enges provide a golden voice, as com¬ 
pared with the silver voice of the William 
Jennings Bryan lozenges sold by competi¬ 
tors. 

Supplies are limited, so be sure to send 
your blank check today! 

Big Picture 


THE V/UHF ADVISORY COMMITTEE of 
the ARRL is soliciting comments on a pro¬ 
posed 13-cm band plan. The VUAC is 
trying to formulate a plan that will accom¬ 
modate all of the current users of the 
band, as well as allow for future modes 
and techniques that may be developed. In 
addition, the VUAC is investigating the ex¬ 
changes and procedures used in EME and 
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meteor-scatter communications, with an 
eye toward a standard system. Everyone’s 
ideas are important, and you can contact 
the VUAC by writing Mark Wilson AA2Z, 
ARRL Headquarters, 225 Main St., Newing¬ 
ton CT 06111. 

Space Aces 

NASA SAYS “OK” to the planned ham-in- 
space flight of Dr. Tony England W0ORE 
and John-Davld Bartoe W4NYZ coming up 
on April 17th. It sounds as if the astronauts 
are packing their entire shack for the trip- 
in addition to the 2-meter rig used by Dr. 
Owen Garriott W5LFL, Tony and John- 
David will be carrying HF and SSTV equip¬ 
ment on board. The entire setup will be 
very flexible, allowing SSTV on ten and two 
meters, a two-meter to ten-meter repeater 
(similar to the OSCAR and RS transpon¬ 
ders), and of course the 2-meter mode 
used on the W5LFL mission. The antenna 
to be used is an unusual design—a form 
of matching device will be used to excite 
the entire payload bay. Interestingly, both 
hams must apply for an FCC waiver for the 
mission, as only Extra-class licensees are 
eligible for space operation (both astro¬ 
nauts hold General-class tickets). Watch 
"QRX" for late-breaking ham-in-space 
news. 

Fuzz Busters! 


REMEMBER D&D, Inc., of Shelby, North 
Carolina? They were raided by Federal 
Marshals last year and faced fines of up to 
$10,000 for distributing Illegal CB equip¬ 
ment. The raid netted nearly $140,000 
worth of gear. Well, the Feds have really 
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outdone themselves with their latest ven¬ 
ture! Engineers from the FCC New York 
District Office and Special Agents from US 
Customs raided Granada Electronics in 
Brooklyn, seizing over 2700 pieces of gear 
with an estimated value of one-halt million 
dollars ! The rigs Included CB transceivers 
capable of operating on unauthorized fre¬ 
quencies and of using excessive transmit¬ 
ter power. The items were manufactured in 
the Far East and were allegedly imported 
into the US for illegal sale. In another ac¬ 
tion, Customs agents arrested Lawrence 
Wallach of LW Sales, Lynbrook, New York, 
for allegedly selling non-type-accepted CB 
transceivers which were illegally brought 
into the US. LW and Granada were the sub¬ 
ject of a two-year Commission investiga¬ 
tion into the importation and marketing of 
illegal equipment. 

Hands Off 


THE NEXT STEP toward an automatic 
message-delivery system has been made 
here in New England. Hank Oredson W0RLI 
has added store-and-forward message 
handling to his popular Xerox 820-based 
packet bulletin-board software. The sys¬ 
tem allows a message left on one mailbox 
to be passed along until it reaches its in¬ 
tended recipient. According to Hank, “The 
distributed-message store-and-forward 
system is growing very rapidly. In the Bos¬ 
ton area, K1BC, W0RLI, WB20SZ, and 
KA1T are all using auto-forwarding. In Ari¬ 
zona, K7PYK Is available, linked to W8RLI 
via HF. Other EASTNET mailboxes now on 
the air...include W3IWI and KS3Q in the 
Washington DC area, WB2MNF in New 
Jersey, and W1AW-4 in Newington. At 
least nine other stations should be coming 


up in the future. The network, both real¬ 
time and store-and-forward, is growing 
fast." If you are working on a similar sys¬ 
tem, Hank would like you to get in touch 
with him at his Callbook address. Hank 
will also provide copies of MailBox—just 
mail him an 8' disk with return postage. 

Voice From Above 


LISTENING FOR THE SHUTTLE?The God¬ 
dard Amateur Radio Club at the NASA 
Goddard Space Flight Center in Greenbelt, 
Maryland, retransmits live audio from the 
Space Shuttle on nearly all STS missions. 
Pat Kllroy WD8LAQ explains that club sta¬ 
tion WA3NAN transmits on 3860, 7185, and 
14295 kHz, starting about one hour before 
lift-off and ending about one hour after the 
Shuttle lands. Off times coincide with the 
astronauts’ sleep periods. 

Hello, Mr. Chip 


MOTOROLA has finally released a long- 
awaited member of its M68000 micropro¬ 
cessor family. The original MC68000, found 
in several micros currently on the market, 
uses 32-bit Internal data representation but 
has only 16-bit-wide external buses. Moto¬ 
rola’s new MC68020 fills the communica¬ 
tions gap by providing full 32-bit-wide data 
streams, both inside and out. Incredibly, the 
chip can address up to 4 gigabytes of mem¬ 
ory and runs around 3 million instructions 
per second (MIPs). What’s really impressive 
is that all of this power has been condensed 
onto a die that’s roughly 350 mils square! 
The processor is object-code-compatible 
with the rest of the 68000 family. What can 
you do with such a chip? All sorts of ham 
applications spring to mind. How about 
voice-recognizing repeaters? Or automatic 
phone-contesting stations? The price is rea¬ 
sonable—487 bucks—so be sure to buy a 
few extra for spares! 

Oracle 


COMING UP IN 73: In April you can take a 
sneak preview of the Dayton Hamventlon, 
the radio amateur's Mecca. And May 
brings our annual spring antenna issue, 
packed with aerials of every shape and 
size, just in time for that antenna work 
you've been planning all winter. Of course, 
every issue is full of the kinds of things 
you’ve grown to appreciate in 73, and we’ll 
be bringing in a few surprises during our 
25th anniversary year just to keep you on 
your toes. 

Kudos 


SO MANY PEOPLE help make “QRX" hap¬ 
pen each month, and it’s always a plea¬ 
sure to thank them. This month, help came 
from the 14/5Y/ Report, Westlink, Gateway, 
and numerous other hams who support 
this column with their cards and letters. 


















Robert /. Buckman WbSMl 
7312 Charnwood Drive 
Huber Heights OH 45424 


TVRO Trivia 

To those would-be satellite enthusiasts wondering which way 
is "up ," W6SMJ offers the comfort of his years 
of experience in home satellite TV reception. 


I have been following the 
developments in Televi- 
sion-Receive-Only CTVRO) 
satellite systems since 1975. 
Five years ago, a few hardy 
souls were home-brewing sys¬ 
tems and developing hard¬ 
ware to make it possible for 
a hobbyist to afford a TVRO 
system. Now even your lo¬ 
cal department store will 
sell you a system for $3,000 
— less than a good used car. 
How low can the price go? 
How good are the kits? How 
tricky is installation? How 
critical are antenna adjust¬ 
ments? How good is the pic¬ 
ture? I'll try to answer these 
questions and describe for 
you my experiences in build¬ 
ing a system. 

I see TVRO systems as the 
shortwave-listening hobby 
of the eighties The frequen¬ 
cies involved (4,000 mega¬ 
hertz) and the reception dis¬ 
tances (23,000 miles plus) 
are greater than shortwave 
conditions, but the basic at¬ 
tractions of the hobbies are 
quite similar: the desire to 
log a new country (tran¬ 
sponder), the sense of won¬ 
der over the reception of a 
signal from a distant point 
("this is NBC London"), and 
the constant fight over im¬ 
proving hardware (is a 27- 
MHz i-f bandwidth better 
than 35 MHz?). 


TVRO systems have three 
basic components: a direc¬ 
tional antenna, a low-noise 
amplifier (LNA), and a re¬ 
ceiver. Cables interconnect 
the three major components 
and usually some additional 
electronics is necessary to 


make sound and picture ap¬ 
pear on your TV Let's look 
at what's available in those 
three major categories 

Antennas 

Antennas can be divided 
into two categories: para¬ 


bolic and spherical The ad¬ 
vantages of a spherical are 
that once installed the re¬ 
flective surface does not 
have to be moved (the feed 
is moved to select different 
satellites), and multiple sat¬ 
ellites can be received with 
multiple feeds. Spherical 
surfaces are also easier to 
construct. 

Parabolic antennas must 
be moved to focus on other 
satellites, are harder to build 
precisely, and can be used 
for only one satellite at a 
time. The parabolic antenna 
usually takes less real estate 
to install since the feed is 
usually contained within the 
antenna volume, while the 
spherical feed is usually 
twenty to thirty feet in front 
of the spherical surface I 
will discuss only the para¬ 
bolic antenna systems. 

There are two general 
types of mounts for para¬ 
bolic antennas: the azimuth 
and elevation (az-el) mount 
which requires rotation in 
two axes, and the polar 
mount which lets you rotate 
the dish in the plane of the 
satellites. Several computer 
programs have been pub¬ 
lished to allow you to calcu¬ 
late az-el angles based on 
your latitude and longitude 
and the satellite longitude 
(satellite latitude is zero 



Photo A. The ADM -77 dish — my niece Dawn is about lour 
feet tall. 
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degrees for geosynchronous 
satellites). For my installa¬ 
tion, a polar mount, az-el 
angles are uninteresting; the 
important angle for a polar 
mount is the polar angle or 
inclination angle. 

A crude estimate of the 
polar angle is ninety degrees 
minus your latitude. A bet¬ 
ter estimate is to take the 
elevation angle from an az- 
el chart calculated for your 
site for the satellite closest 
to your longitude. (That's 
the satellite closest to due 
south of your site.) Expect to 
rotate the mount up or 
down a few degrees from 
that initial polar angle. 

Think about your antenna 
location before committing 
yourself. Stand on the site 
and mentally point your an¬ 
tenna south at the initial 
polar angle while looking 
for obstructions. All satel¬ 
lites east and west of your 
location will fall along an 
arc in the plane of the polar 
angle. In my case, a neigh¬ 
bor's tree slightly east of my 
preferred location will grow 
eventually to block satel¬ 
lites from 75 to 85 degrees 
west longitude. Since I usu¬ 
ally move every three to six 
years in my profession, I in¬ 
stalled the antenna there 
anyway. 

After shopping for years 
(and even attempting to 
build —but that's another ar¬ 
ticle), I eventually purchased 



Fig. 1. TVRO system. 


an ADM-11 parabolic anten¬ 
na kit with a polar mount at 
the Dayton Hamvention 
from an exhibitor who didn't 
want to disassemble it and 
haul it home. I got a good 
price and, when torn down, 
the dish fit easily into a sta¬ 
tion wagon (room for two!). 

The ADM-11 is an eleven- 
foot-diameter parabola built 
from twenty-four pie-shaped 
segments of 0.090 alumi¬ 
num bolted together with 
five-sixteenths-inch hard¬ 
ware and stiffened with alu¬ 
minum angle braces to sup¬ 
port the shape. Assembly of 
the segments determines 
the final antenna gain and 
sidelobe performance. 

The main problem with 
segmented kit parabolas is 
maintaining the parabolic 


curve across segment bound¬ 
aries. No matter how I torque 
the bolts along the bound¬ 
ary, there is still a gap which 
will not close completely. 
How that gap appears to af¬ 
fect performance will be dis¬ 
closed later. 

Of primary importance 
when installing the -polar 
mount is establishing a true 
north-south line through the 
"pole" of the polar mount 
and a level rotation plane. 
I'll tell you why that's impor¬ 
tant later. For my north- 
south alignment, I sighted 
the North Star through the 
polar tube and used a car¬ 
penter's level and an auto 
jack to level the legs of my 
mount. I had to wedge some 
plywood under one leg to 
hold the mount level. 


After the dish shape was 
finished and the steel tripod 
polar mount assembled in 
place, I needed three husky 
folks to help me lift the 200- 
pound dish onto the "pole" 
of the polar mount. With the 
help of three teen-agers 
from the Explorer post I ad¬ 
vise, the dish was placed on 
the mount in under sixty 
seconds. 

There are at least four 
variables in parabolic anten¬ 
na alignment: azimuth and 
elevation angles, focus depth 
(the distance from the feed- 
point to the center of the 
dish), and waveguide polar¬ 
ization. Normally, some kind 
of signal can be received re¬ 
gardless of initial polariza¬ 
tion, but you should start 
with the wide opening of the 



Photo B. An Avantek LNA and the Chaparral feed. Photo C. The Sat-Tec R2B receiver. 
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Photo D. All on one board except the first mixer and local 
oscillator. 


waveguide parallel to the 
horizon. Once a signal is 
found, rotating the polariza¬ 
tion for best signal will elim¬ 
inate that variable. Even the 
best dishes will allow a sig¬ 
nal of some kind within a 
half inch or so of the manu¬ 
facturer's specified focal 
point. In my dish, focus dis¬ 
tance could be moved two 


to three inches with little ef¬ 
fect on the picture or signal 
strength. This effect is the 
primary result of the dish 
segmentation; the focus 
point is blurred (just like a 
curved mirror distorts your 
reflection). The remaining 
variables then, azimuth and 
elevation, are the only ad¬ 
justments left. Before we 



Photo E. To change satellite, just slide the telescoping tube a 
few inches and tighten the wing nut. 
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can adjust those, the rest of 
the system must be working. 

Low-Noise Amplifiers 

Next the feedpoint. What¬ 
ever reflective surface you 
choose, the microwave en¬ 
ergy is focused to (hopeful¬ 
ly) one point, the focus point, 
where you must place the 
actual antenna. In all the 
cases I've seen, that antenna 
is a section of waveguide 
which is bolted to a match¬ 
ing cavity moulded as part 
of the LNA. The bolting in¬ 
terface is the WR-229 micro- 
wave standard interface. 

I suppose you could de¬ 
velop your own antenna 
cavity, but with the low 
prices of assembled and 
tested LNAs today, I chose 
to buy rather than build. I 
purchased an Avantek LNA 
with the 120-degree-Kelvin 
noise temperature and the 
nominal fifty-dB gain. Later, 

I substituted a 100-degree- 
Kelvin LNA, but observed 
no significant change in the 
picture. Unless you are a 
whiz at 4 GHz or a sucker 
for punishment, I recom¬ 
mend you buy the three ma¬ 
jor components from repu¬ 
table sources—at least until 
you have an operational sys¬ 
tem. Then, if you want to ex¬ 
periment with the black art 
of LNA development, you at 
least will know where to 
point the antenna. 

There's been a lot of talk 
about feedhorns: Which is 
better, how do they work, 
how critical are the adjust¬ 
ments? A Chaparral feed 
came with the ADM anten¬ 
na, but while I was still at¬ 
tempting to build a dish, I 
purchased an Apollo feed 
and I did compare the per¬ 
formance. The Apollo is 
slightly larger than the 
Chaparral, with an adjust¬ 
able reflecting ring which 
slides along the circular 
waveguide. 

I attempted to see what 
effect the ring has on signal 
strength and picture quality. 
If you put your hand over 
the waveguide opening, the 
signal goes away; the signal 
doesn't penetrate flesh. It's 


important, therefore, to avoid 
body effects in measuring 
the differences. I moved the 
ring from the back of the 
feed to completely off the 
feed with no significant 
change in the picture or sig¬ 
nal strength. I did find a 
small peak in signal strength 
at one position close to 
where I had started, and I 
locked the set screw down 
there. I'm sure I was affect¬ 
ing the sidelobe perfor¬ 
mance, but it didn't show in 
the picture. The Apollo also 
had more signal strength 
than the Chaparral on all 
transponders, but I don't 
know why. I also tested an 
old brass horn feed —its per¬ 
formance was lower than 
either of the other feeds by 
almost two full units on the 
Drake's signal-strength me¬ 
ter—no matter where I ad¬ 
justed the focus depth—with 
significantly more noise in 
the picture (I considered 
that picture unwatchable). 

Cable Losses 

How do you get the am¬ 
plified 4-GHz signal to your 
receiver? If you look at what 
the booth exhibitors use, 
you'll find a mixture of hard¬ 
line, RC-8, RC-214, RC-58, 
and some unlabelled stuff 
that looks like it's been 
through the war. The instruc¬ 
tions supplied with most re¬ 
ceivers suggest that RG-8, 
RC-214, and RC-213 have 
roughly the same losses at 4 
GHz and recommend less 
than eighty-foot runs. I 
started with a fifty-foot 
length of RG-213; I had good 
pictures on some transpond¬ 
ers and weak to nonexistent 
pictures on others. RG-217 
has five dB less loss per hun¬ 
dred feet than RG-213, so I 
ordered fifty feet and then 
temporarily cut ten feet off 
the RG-213 to estimate the 
improvement I could expect 
(it should be about 1.7 dB). 
Suddenly I had perfect pic¬ 
tures on transponders which 
had only noise before! 

Then the UPS man deliv¬ 
ered the RG-217, and I dis¬ 
covered why so few people 
use it and vendors don't talk 








Photo F. The Drake ESR-24 with the downconverter outside 
the box. 



Photo G. The inside of the Drake with space for the down- 
converter inside. 


about the cheap price; the 
cable is larger diameter than 
the normal N-type connec¬ 
tor; the special-order, over¬ 
size N-connectors cost 
$10.00 each! The stuff is also 
constructed with a solid 
center conductor requiring 
larger-bend radii. 

The solution to the 4-CHz 
cable loss problem is to ei¬ 
ther use short runs or move 
the first mixer to the anten¬ 
na and send lower-frequen¬ 
cy signals down to the rest 
of the receiver. Cable losses 
are much less at lower fre¬ 
quencies. This approach re¬ 
quires that power and mixer¬ 
tuning voltage be run to the 
antenna. The mixer design 
must also handle tempera¬ 
ture and other environmen¬ 
tal extremes When the mix¬ 
er and LNA are combined in 
one package, the device is 
known as a Low-Noise Con¬ 
verter (or LNC). The disad¬ 
vantage of this technique is 
that if the LNA fails, you 
also have to change the mix¬ 
er. Since there doesn't seem 
to be a standard interface 
for LNC input-tuning volt¬ 
age, output i-f frequency, or 
drive capability, the LNCs 
are not as interchangeable 
as LNAs are. 

Receivers 

Let's look inside the 
house now at receivers. In 
1981 I bought a Sat-Tec R2B 
receiver kit from Ramsey 


Electronics at the Dayton 
Hamvention. This receiver 
has been advertised for sev¬ 
eral years in full-page color 
ads. It was showcased in a 
multi-part article in Radio- 
Electronics in 1982, and the 
article is a fairly good sum¬ 
mary of the assembly in¬ 
structions. That series of ar¬ 
ticles is also the only place 
that a schematic of the first 
mixer was published. I sup¬ 
pose you could draw a sche¬ 
matic from the assembly in¬ 
structions which came with 
the kit, but one was not pro¬ 
vided. 


The Sat-Tec receiver is a 
doubleconversion, superhet¬ 
erodyne, tuneable, single¬ 
transponder receiver with a 
tuneable audio subcarrier 
demodulator. Passive diode 
mixers are used for both i-f 
conversions, and the Signet- 
ics NE564 phase-locked loop 
(PLL) integrated circuit per¬ 
forms the FM to video and 
audio conversion in the 
now-classic style. The sec¬ 
ond intermediate frequency 
(i-f) is seventy MHz, and to 
avoid selecting PLL chips 
which operate at seventy 
MHz, an emitter-coupled 


logic (ECL) flip-flop divides 
the i-f frequency in half (to 
35 MHz) before demodula¬ 
tion. This division requires 
some tricky biasing of the 
flip-flop's operating point, 
but has the bonus of solving 
the PLL overloading prob¬ 
lem; the PLL is now driven 
by a flip-flop whose output 
never rises above logic high. 
Automatic frequency con¬ 
trol (afc) is provided to the 
first i-f oscillator, a Watkins- 
Johnson monolithic micro- 
wave oscillator in a TO-8 
case. 

The receiver kit is laid out 



Fig. 2. Parabolic and spherical antennas, polar and az-el mounts. 
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Fig. 3. Sat-Tec receiver block diagram. 


on a double-sided circuit 
board with the second i-f os¬ 
cillator and second i-f band¬ 
pass filter pre-assembled 
and pre-aligned. The first 
mixer is constructed as a 
diode bridge on a separate 
double-sided circuit board 
soldered on one edge to the 
mother board during assem¬ 
bly. The kit instructions are 
not Heathkit® quality but 
are sufficient for experi¬ 
enced kit builders. The warn¬ 
ing that several capacitors 
must be soldered on both 
sides of the mother board 
cannot be stressed too 
strongly. This board does 
not have plated-through 
holes; soldering on both 
sides where indicated is the 
only way to carry ground to 
several integrated circuits 
and other parts on the board. 

If you're ever in doubt 
about making a solder joint 


to a disc capacitor on the 
component side, take long- 
nosed pliers and crush the 
dipped insulation from the 
ground-lead side before in¬ 
serting the capacitor into 
the board. Don't be afraid to 
verify the ground connec¬ 
tion with an ohmmeter after 
soldering. 

The pins on the second 
mixer were much too large 
to fit the holes provided; I 
drilled them out with a #55 
drill. The rest of the assem¬ 
bly went smoothly, but you 
have to remember to solder 
the tin shields in place along 
all the edges and both sides 
of the first mixer board to 
avoid i-f leakage. 

The kit receiver-align¬ 
ment instructions assume a 
properly aligned and point¬ 
ed antenna and an operating 
LNA. Since I had a kit anten¬ 
na and only the vendor's as¬ 


surance that the LNA was 
operating, I had many more 
potential problems. 

In fact, I did have to im¬ 
pose upon another satellite 
system owner to align my re¬ 
ceiver since I did not realize 
that the noise I saw on my 
TV set was, in fact, a satel¬ 
lite as I swept the antenna 
back and forth. 

I talked earlier about an¬ 
tenna alignment and select¬ 
ing the polar angle and then 
looking for a satellite. The 
antenna manufacturer rec¬ 
ommends using SATCOM 3 
for testing since that bird 
has 24 transponders, most of 
which have signals all the 
time. I have to agree that for 
a receiver like the Sat-Tec 
(without a scanning capabil¬ 
ity), it's better to find a satel¬ 
lite with lots of signals so 
your probability of finding 
one is higher. 



The process I use for find¬ 
ing satellites involves lots of 
antenna movement. First, 
pick a polar angle. Then, 
sweep the sky slowly look¬ 
ing for any signal, even if it 
looks like noise. If you find 
something, lock the antenna 
down and tune the receiver 
looking for any kind of pic¬ 
ture Rotate polarization, 
too. The signal you see may 
not be television but instead 
a data transmission or a tele¬ 
phone multiplex carrier. If 
you see nothing in the 
sweep of the dish, adjust the 
elevation (or polar angle) 
and try again. 

Once you have found 
something, the first i-f stages 
must be aligned. The tuning 
on the first i-f is sharp; plus 
or minus half a turn of the 
piston capacitors makes all 
the difference in the world. 
If you didn't start with the 
pistons five turns out, you 
may never see a picture. 

Tuning of the PLL is sharp 
too, and it interacts with the 
front-panel tuning control 
and the flip-flop bias adjust¬ 
ment In my receiver, the 
audio tuning is also sharp 
and, when tuned below the 
6.2-MHz subcarrier frequen¬ 
cy, degrades the picture as 
well (no, I don't know why). 

In the design of the re¬ 
ceiver, pains were taken to 
attempt a linear front-panel 
control for transponder se¬ 
lection. But the nominal dc 
voltage to the tuning circuit 
is +18 volts; my power sup¬ 
ply generates about +20 
volts dc. When the tuning 
pot is minimum, set to tran¬ 
sponder one, and the dial-set 
trimmer control is set to 
transponder one, not enough 
dial range is available to 
tune all twenty-four tran¬ 
sponders. 

The kit instructions say 
that a dc isolation block (a 
device to couple power into 
the coax to supply the LNA) 
is not required and that a 
four-inch piece of enameled 
wire can be connected from 
the LNA power phono jack 
to the center pin of the 
4-GHz rf input connector. A 
high enough impedance will 












Photo H. The video rack with Drake receiver, Pioneer video 
tuner, and two Beta video cassette recorders. 


exist to avoid signal loss. 1 
tested this trick with an ex¬ 
ternal Avantek dc isolation 
block. It's true: The external 
block was not needed, but in 
my receiver the lead dress 
on the four-inch wire did 
make a difference in the pic¬ 
ture, and by looping one 
turn of the wire around C71, 
a ten-microfarad elec¬ 
trolytic capacitor on the 
first mixer board, the black 
and white shot noise known 
as the spark lies went away 

I noticed a similar effect 
with the tuning control 
wires, which run from the 
rear of the circuit board to 
the front panel I also found 
spots along the i-f shields 
where placing my fingers 
would reduce the sparklies. 
That noise was my first clue 
that I had a receiver prob¬ 
lem. When I placed an alli¬ 
gator clip on the edge of the 
mixer board and all the spark- 
lies went away, I was sure I 
had a receiver problem. 

As time went on, a warm¬ 
up period became necessary 
to get any picture. Finally 
the receiver died and, during 
troubleshooting, I discov¬ 
ered that the microwave 
first i-f oscillator had failed. 
During the disassembly, I 
found that no connection 
was made from the shield 
side of L10 to the mixer 
diodes junction During as¬ 
sembly, I neglected to verify 
this connection with an 
ohmmeter because it would 
have involved applying the 
ohmmeter current source 
back into the microwave os¬ 
cillator, a $100 part. The open 
shield provided no signal 
return for the microwave os¬ 
cillator, and probably caused 
its failure. I'm impressed it 
lasted as long as it did. 

Since that failure and 
some half-hearted trouble¬ 
shooting attempts, I pur¬ 
chased a Drake ESR-24 re¬ 
ceiver. The Drake has all the 
features I could ask for: 
push-button up or down 
transponder tuning with dig¬ 
ital display, center-tuning 
and signal-strength meters, a 
scan mode for rough anten¬ 
na alignment, fixed and vari- 
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able audio subcarrier tun¬ 
ing, and even a front-panel 
audio-volume control. The 
downconverter is a separate 
box which can be remotely 
mounted near the LNA to 
cut 4-GHz cable losses —re¬ 
cent distributor price cuts 
have made it affordable. 
The clean-cut front-panel 
layout makes the receiver 
look like a quality piece of 
stereo equipment. Delivery 
from Hoosier Electronics 
took four days (two were the 
weekend) and it worked 
when I turned it on. 

Of course I couldn't wait 
to get the cover off and com¬ 
pare designs with the Sat- 
Tec, The instruction manual 
doesn't provide a schematic 
or even a block diagram, but 
for $15 00 Drake will sell 
you a schematic set which 
includes all the schematics 
and a more detailed set of 
alignment instructions 

The Drake receiver is a 
single-conversion, superhet¬ 
erodyne, tuneable, single¬ 
transponder receiver with 
one pre-selected or tuneable 
March, 1985 


audio subcarrier demodula¬ 
tor. The first mixer, i-f oscil¬ 
lator, and two stages of 70- 
MHz i-f amplification are 
mounted in a separate metal 
box which may be mounted 
closer to the LNA or inside 
the receiver case. Negative 
dc tuning voltage from the 
receiver is fed back up the i-f 
coax cable to the first mixer. 
A separate pair of wires sup¬ 
plies 15 volts dc to power 
the mixer and LNA. 

Inside the main receiver 
case are two double-sided 
printed circuit boards; one is 
the i-f amplifier/filter board 
and the other board holds 
everything else but the 
power transformer and the 
meters 

The i-f circuit board has 
two more 14-dB i-f gain 
stages before the bandpass 
filter and three more gain 
stages fall .Motorola MWA 
120s) after the filter. Signal 
strength is sampled at the 
output of the first i-f stage 
after the bandpass filter. It's 
first isolated with a transis¬ 
tor and then converted to a 


dc level by a voltage-dou¬ 
bler diode pair for applica¬ 
tion to the signal-strength 
meter. 

An i-f gain control is pro¬ 
vided between i-f stages one 
and two, before the band¬ 
pass filter, to reduce the sig¬ 
nal level if required. In my 
installation, most domestic 
transponders will pin the sig¬ 
nal-strength meter with that 
control all the way up. 

One last component on 
the i-f board is a digital inte¬ 
grated circuit a Schottky 
quad dual-input NAND gate 
used as a limiter at the out¬ 
put of the i-f chain. Since the 
information on the 70-MHz 
i-f is frequency and not am¬ 
plitude, the signal is applied 
to the input of the NAND 
gate where the alternating- 
current i-f voltage will 
change the output of the 
NAND gate from logic high 
to logic low as the zero-to- 
one input threshold is 
crossed, effectively amplify¬ 
ing the i-f signal yet clipping 
the signal between logic 
high and low to eliminate 
any amplitude components 

The main receiver board 
contains CMOS digital ICs 
for transponder selection 
and digital display. The de¬ 
tector is a simple doubly-bal¬ 
anced mixer which is self-ex¬ 
cited by delaying the input 
signal through a coax delay 
line. The base band output is 
low-pass filtered for video 
processing and for i-f oscilla¬ 
tor afc The base band is 
also mixed with a voltage- 
controlled oscillator (vco) to 
produce a 10.7-MHz sound 
i-f which is applied through 
a ceramic filter to a CA-3089 
FM i-f amplifier/detector in¬ 
tegrated circuit to recover 
one channel of audio. 
Troubleshooting 

After installation and 
about four weeks service, 
the displayed signal strength 
became intermittent with a 
corresponding drop in pic¬ 
ture quality Since the signal 
was intermittent and seemed 
to be affected by the fine- 
tuning control, I assumed I 
had a receiver problem. I 
took the receiver to the 











Drake factory a few miles 
south and asked for warran¬ 
ty service. While I watched 
and waited, the Drake ser¬ 
vice personnel put the re¬ 
ceiver on the bench and 
fired it up. When, after fif¬ 
teen minutes, the signal 
strength never dropped be¬ 
low a four, I conceded the 
problem was not the receiv¬ 
er. I borrowed an LNA from 
another TVRO owner and 
sure enough, signal strength 
again pinned the meter. 

Avantek charges $50.00 
per hour to repair out-of- 
warranty LNAs. If the first 
transistor is zapped, the 
parts cost starts at $125. 
With the recent drop in LNA 
prices, Avantek will call you 
when the repair estimate 
gets dose to the price of a 
new LNA. I sent the LNA 
back to California by UPS, 
and three weeks later it was 
returned with new warranty 
seals and a calibration chart 
showing a 100-degree noise 
figure at the center of the 
band. 


After that repair I had 
several more weeks of ex¬ 
cellent service—I hadn't 
missed a football game I 
wanted to see. But one night 
after a rain—no picture, no 
snow, no hiss, nothing No 
signal strength or snow 
implied a bad receiver. I 
couldn't borrow an LNA this 
time to check, but most re¬ 
ceivers have some snow 
even with the LNA discon¬ 
nected. I went back to the 
factory again, but the effi¬ 
cient service folks again 
found nothing wrong Could 
the LNA have died so soon 
after repair? I ordered an¬ 
other LNA by telephone (1 
wanted a spare anyway) and 
two days later it arrived 
After installation there was 
still no picture, but I had 
found that the i-f gain con¬ 
trol was set too low to show 
snow before I installed the 
new LNA. What's left? Coax? 
Connectors? I took out the 
L-shaped, N-type adaptor I 
had originally installed at 
the rear of the LNA and 


found a film of water inside 
the connector. After blow¬ 
ing it dry and reconnecting 
the LNA, I had perfect pic¬ 
tures again! Moral: Keep 
your connectors dry! 

Before I had fastened the 
dish to the ground, a gust of 
southerly wind had tipped it 
over It landed on one side 
and flattened the edge of 
three of the segments I 
thought I was in big trouble 
All the articles I had read 
said that the parabolic sur¬ 
face must be precise, with 
any deviation causing al¬ 
most total lack of signal be¬ 
cause of destructive inter¬ 
ference within the antenna 
So when I stood the dish up 
again and pointed it in the 
right direction, I was expect¬ 
ing the noisy, barely-discern- 
ible signal I found. But, at 
the angle the dish fell, one 
of the feed support legs 
could have been bent mov¬ 
ing the feed from the center 
of the focus. So I went 
through the dish alignment 
steps again and found I was 


locked on a new sidelobe, a 
distortion in the antenna 
pattern. The main lobe, 
once I found it, was almost 
as good as before the fall. 

Recommendations 

Don't attempt to build 
from scratch unless you have 
lots of time, test equipment 
for all the frequencies re¬ 
quired, or exceptional skill 
If you buy a kit for any of 
the three major subsections, 
don't buy another kit for an¬ 
other subsection unless you 
fall in one or more of the 
categories above Someone 
with two different subsys¬ 
tem kits and no microwave 
test equipment will have to 
be very lucky to get a sta¬ 
tion up in reasonable time 
If you must experiment, 
get a system working first, 
then substitute at the major 
component level (like re¬ 
ceiver, antenna, etc.). 

Don't try to get by cheap¬ 
ly—Mother Nature is not 
kind at 4 GHz, and 22,000 
miles is a lot of path loss.B 


SATELLITE TELEVISION RECEIVER 
SEMIKIT 



with dual conversion downconverter 

FEATURES: 


• Infrared remote control tuning 

• AFC, SAW filter 

• RF or video output 

• Stereo output 

• Polorator controls 

• LED channel & tuning indicators 

Install six factory assembled circuit boards to 
complete. 

SEMIKIT $400.00 

Completed downconverter add 100.00 

Completed receiver and downconverter 
add 150.00 

JAMES WALTER SATELLITE RECEIVER .337 

2697 Nickel. San Pablo, CA 94806 Tel. 415-724-0587 


AMATEUR TELEVISION 



• FULL COLOR VIDEO & SOUND on one small 3 25*4 


• RUNS ON EXTERNAL 13.8 VDC a! 300 ma supply or battery 

• TUNED WITH ONE CRYSTAL on 426 25, 434 0 or 439 25 mHz 

• 2 AUDIO INPUTS for a low Z dynamic and line level audio mput found m most 


• APPLICATION NOTES & schematic supplied for typical external connect. am. 
packaging and system operation 



(818) 447-4565 m-f 8am-6pm pst. a» 

P.C. ELECTRONICS 2522 Paxson Lane 
Tom W60RG Maryann WB6YSS Arcadia CA 91006 
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Bob Lockwood W4FXI 
3 Eighth Street 
Radford VA 24141 


All This and PCII! 

Would you like a fully-programmable Morse keyboard 
that will balance your checkbook 
and play Sousa marches? Then read on! 


T he idea of using the Ra¬ 
dio Shack/Sharp pocket 
computer as a memory key- 
er has been a goal of mine 
since Wayne Green, publish¬ 


er of 73, first suggested it in 
an editorial several years 
ago. The original pocket com¬ 
puter proved to be much 
too slow and lacked a com¬ 


plex Basic interpreter. Re¬ 
cently, however, I heard the 
new PCII playing The Stars 
and Stripes Forever at the 
local Radio Shack and rea¬ 
soned that the sound func¬ 
tion, a programmably-con- 
trolled "beeper," could be 
employed to turn the PCII 
into the first truly portable 
memory keyboard. 

At the going price of $199, 

I could afford only the com¬ 
puter. Consequently, the 
memory keyer that evolved 
does not use a printer or 
additional memory. As an 
added bonus, no modifica¬ 
tions are made to the com¬ 
puter, and the interface can 
be built in less than an hour. 

The Program 

As a CW enthusiast, I 
wanted a keyer with both 
fixed and variable memories 
and an active keyboard for 
long rag-chewing sessions. 
The program, adapted from 
concepts of Allan Joffe,* 
meets those requirements 
and is a delight to operate. 
(See Fig. 1.) 

The program uses an 
INKEY$ routine to keep the 
keyboard active, employs 


•Joffe, Allan S., “Morse Resource 
—Part 1,” 80 Microcomputing, 
August, 1981. 


the ")" key as an input for a 
variable memory, and has 
four fixed memories accessi¬ 
ble as keys " + ", " = ", 

and " —When a key is de¬ 
pressed, the character pro¬ 
duced is translated into a 
number in which a dot is a 1 
and a dash is a 2. Conse¬ 
quently, A becomes 1-2 and 
B becomes 2-1-1-1. The 
MID$ routine peels off the 
numbers one at a time and 
sends the results to the 
GOSUB routine, where a 
timed beep is produced. 

Using the Keyer 

Carefully type in the pro¬ 
gram. Be sure to change 
lines 126, 130, and 132 to 
your call, QTH, and name. 
Put the PCII in the run 
mode, type and enter "run." 
The keyboard is now "ac¬ 
tive," and depressing any 
letter or number key will 
send the code through the 
beeper. I would recommend 
that you practice using the 
keyboard to develop a feel 
for the timing before you ac¬ 
tually put it on the air. By 
modifying the length of the 
beeps, lines 134 and 136, 
one can send properly-timed 
code up to about 25 words 
per minute. 

The effective use of the 
variable and fixed memories 


2 C = O:J = OiGOTO 12 
4 J = LEN (B$) 

6 C = C + 1 
8 GOTO 14 

12 A$ = INKEYS: IF A$ = “ ” THEN 12 
14 IF A$ = “A” THEN LET AS = “12”: GOTO 100 
16 IF A$= "B” THEN LET AS = “2111”: GOTO 100 
(THE REST OF THE LETTERS AND NUMBERS ARE 
ENTERED IN THE SAME WAY.) 

86 IF A$ = “)” THEN 120 
88 IF AS = THEN 124 

90 IF A$ =.THEN 126 

92 IF A$ = " + ” THEN 128 
94 IF AS = " - ” THEN 130 
96 IF A$ = “ = ” THEN 132 
98 GOTO 12 
100 L= LEN(AS) 

102 FOR X = 1 TO L 
104 C$ = MID$(A$,X,1) 

106 IF C$ = 'T’ THEN GOSUB 134 

108 IF C$ = “2” THEN GOSUB 136 

112 NEXT X 

114 IF C = J THEN 2 

116 C<J THEN 6 

118 GOTO 12 

120 F$ = “”: INPUT F$ 

122 GOTO 12 

124 B$ = “ ”:B$ = F$: GOTO 4 

126 B$ = " ”:B$ = “DE W4FXI”: GOTO 4 

128 B$ = “ ”:B$ = "UR RST IS": GOTO 4 

130 B$ = '* ”:B$ = "QTH RADFORD VA”: GOTO 4 

132 B$ = “ ”:B$ = “NAME BOB”: GOTO 4 

134 BEEP 1,8,100: RETURN 

136 BEEP 1,8,300: RETURN 

138 END 

Fig. 1. Morse program for PCII. 
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adds immeasurably to real 
CW enjoyment. Imagine you 
are listening on 15 meters 
and hear BY1PK. You imme¬ 
diately depress ")" to access 
your variable memory and 
type in and enter his call. 
When he signs, you hit"/" to 
send what was in the vari¬ 
able memory —his call. 
Want to send it again? Sim¬ 
ply hit again. Now de¬ 
press and hold the and 
your call will hit the airways. 
Use the active keyboard to 
enter the proper closing. 

Let's assume BY1 PK hears 
you and responds. You're 
ready! Depress "/" to send 
his call, and then depress 
and hold the for yours. 
Continue the QSO by de¬ 
pressing and holding " —", 
"+", and " = " in turn. Re¬ 
member your keyboard is 
active, so you can add the 
RST and other comments at 
the appropriate times. 

If you are like me and 
BY1PK did not respond, you 
can always load a CQ into 


the variable memory and 
then change the CQ to the 
call of whomever responds. 

The Interface 

The PCII comes equipped 
with a 60-pin expansion port. 
However, Radio Shack does 
not tell you what the 60 pins 
are for I asked myself a sim¬ 
ple question, "Would the 
folks at Radio Shack/Sharp 
design a pocket computer 
that enables the program¬ 
mer to control the number, 
frequency, and duration of a 
beep and not access that in¬ 
formation to the outside 
world?" Of course not! 

Pick up the PCII, hold it 
horizontally, and look di¬ 
rectly at the expansion port. 
Use just the top row and 
count from left to right to 
pin four. Pin four outputs 
the beep. Now examine the 
bottom row of pins. Count 
from right to left to pin 13. 
That's your ground. 

The beeps are routed 
from the computer to the in¬ 



terface on a shielded cable. 
Choose a cable size that will 
enable you to insert 1/8 inch 
of the center conductor di¬ 
rectly into pin four and 
braid into pin 13. On the 
other end of the cable, at¬ 
tach a miniature plug. Once 
you have inserted the cable 
into the computer, the beep 
goes off and the audio signal 
is routed on the cable to the 
interface where it will be 
amplified and converted in¬ 
to dc to key your rig. Sounds 
complicated, but it's not. 
The amplifier is pre-assem- 
bled for you by Radio Shack. 
They call it a Mini-Amplifier, 
and it sells for $11.95. At¬ 
tach the cable you just pre¬ 



pared to the input of the 
Mini-Amplifier. Remember 
to put in a 9-volt battery. 

The rectifier circuit (see 
Fig. 2) can be built on a 
piece of 1- by 3-inch perf- 
board. Attach the Mini-Am¬ 
plifier output to points A 
and B. Attach another piece 
of shielded cable from 
points C and D to the keyer 
jack of your rig. Turn on the 
amplifier/rectifier circuit, 
your PCII, and rig. Enjoy 
great CW! After you see 
how well it works, I would 
suggest putting the entire in¬ 
terface in a metal case and 
routing the on/off volume 
control and jacks to the ex¬ 
terior of the case.B 


Fig. 2. The rectifier circuit. 



HAM STATION 


220 N, Fulton Ave, - Evansville. IN 47710 

LARGE STOCK OF NEW 
EQUIP. AT DISC. PRICES 


DRAKE 

T4XC, R4C, ACIt, 



STtUi 2M H.T. 

HT-1200 2M H.T. .. 
ST-7T 1.1.0 MHZ H.T. 
HC-200 Tuner.. 


Orders S Quotes 

1- 800-523-7731 
InfoS Service 812-422-0252 
IN residents 812-422-0231 


AEA 

ARRL 

ALLIANCE 

AMECO 

AMERITRON 

AVANTI 

ASTRON 

B & W 

BENCHER 

BUTTERNUT 

COILCO 

CONNECT SYST 
CUSHCRAFT 
OAIWA 
ENCOMM 


KANTRONICS 

KENPRO 

LARSEN 


NYE VIKING 

RADIO CALL BOOK 

SHURE 

TEN-TEC 

UNADILLA 

VALOR 

WELZ 

YAESU 


HUSTLER 

CALL ABOUT OSCAR EQUIPMENT 

PRICES AND AVAILABILITY 
SUBJECT TO CHANCE 
FREIGHT FOB EVANSVILLE 


551. FM, Vox. PB 
1.02 432 Mhz (Osc 
2AT 2M H.T. 


KANTRONICS 

UTU Interface . 
Various Used So 
KENWOOD 
TSI30SE, CW ... 

TS820S . 

TS520S . 

TS520SE . 

TS520/CW . 

VF0 520 . 

TV502 W/2M - 


USED EQUIPMENT 


$639.50 
249.50 
49-50 


$179.50 

139.50 

149-50 

69.95 


. $399.95 


629.00 

729.00 

579-50 

449-95 

425.00 

199.50 

159.95 

459.95 
69-95 

155.50 
99-95 

S 69.50 
145.00 
CALL 


$499.50 

529.50 
429-50 

429.50 
429.50 

99.50 

149-50 


KENWOOD 

SP520 . 

DC Module (520/820) 

SM220/BS-8 . 

TR7950 . 

TEN-TEC 

Hercules Qsk Amp .... 

580 Delta . 

544 Xcvr, CW, NB _ 

525 Argosy, NB . 

509 Argonaut . 

570 Century 21 . 

263 VF0 - Corsair ... 

283 VF0 - Delta . 

280 P.S. 

252M0 P.S. . 

KR50 Keyer . 

670 Keyer . 

234 Speech Processor 

2591 2M H.T. 

YAESU 

FT901 OK . 

FT757GX . 

FT757AT . 

FT107M/DMS/FPI 07 E ... 

FTI0IZD MK II. 

FTI0IEE, CW . 

FTI0IEX, Fan, DC. 

FTI0IB, Fan . 

FT30ID, FP30I . 

FT203R 2M H.T. 

FT22I All Mode . 

FLI10 Amplifier . 


20.50 

50.00 

299.50 

299.50 


$899.50 

389.50 

349.50 
349.50 
239.95 

239.95 
125.00 
125-00 

119.95 
89.95 
69 .OO 
25-00 
69-50 
199-95 


$599-95 

639-95 

199-95 

589.50 
525.00 

389.50 
389-50 

289.50 
469-00 

169.50 

269.50 
129-50 


Send SASE 

for our new & used equipment list. 
MON-FRI 9AM-6PM • SAT 9AM-3PM 
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Frederick O. Maia W5YI 
1020 Byron Lane 
Arlington TX 76012 


Do Volunteer Examiners Work? 
A 73 Special Report 

National VEC W5YI says yes. He should know. 


There is much confusion 
and misinformation about 
volunteer amateur-radio ex¬ 
aminations, The US govern¬ 
ment is now completely out 
of the ham testing business. 
The following is the history 
of volunteer examinations 
and how one amateur seeks 
to make Amateur Radio Ser¬ 
vice testing readily available 
nationwide. Texas amateur 
Fred Maia W5YI is a long¬ 
time ham, a QCWA member, 
and a member of Mensa, the 
high-IQ group. He publishes 
the internationally acclaimed 
W5YI Report, a twice-a- 
month ham-radio newsletter. 
He was the first to be ap¬ 
pointed a VEC in all regions. 
The only other national VEC 
is the ARRL. Here is his story 
complete with everything 
you ever wondered about 
the FCC's volunteer program. 


T urning ham-radio testing 
over to the amateur 
community really didn't 
come as a surprise to us I 
predicted it nearly four years 
before it happened. The 
handwriting was on the wall 
when the FCC started abol¬ 
ishing its commercial radio¬ 
telephone license program. 
The Third Class Permit was 
the first to go. As far back as 
1980, FCC Chairman Charles 
Ferris was on record as sup¬ 
porting broadcast industry 
testing procedures rather 


than those of the FCC. He 
said that government admin¬ 
istered tests "do not account 
for experience and common 
sense and were suscepti¬ 
ble to 'cramming at the last 
minute.'" He said that "the 
government may be able to 
remove itself from the test¬ 
ing process without any ad¬ 
verse impact" 

Ferris' statement also 
came at a time when Dick 
Bash KL7IHPs Final Exam 
was at its pinnacle. His book 
listed the verbatim FCC ques¬ 
tions and answers to ama¬ 
teur-radio exams. It sold by 
the thousands. Bash got 
much of his material from 
amateurs, who after taking 
FCC tests, returned the 
"feedback" cards that he in¬ 
serted in his book. In all fair¬ 
ness to Bash, his book 
wasn't that much different 
from the League's previous¬ 
ly published red-and-black 
License Manual. It was just 
more accurate. 

Every year, it seems, the 
FCC runs out of money and 
issues its now classic "inter¬ 
im guidelines statement" 
declaring that routine ser¬ 
vices will stop until Con¬ 
gress acts on appropriations. 
Fiscal 1981 (which started in 
October, 1980) was no ex¬ 
ception. With serious FCC 
budgetary problems and 
personnel cutbacks, ama¬ 
teur-radio testing was begin¬ 
ning to look like an expen¬ 
sive and unnecessary exer¬ 
cise in futility to them. 


Putting two and two to¬ 
gether, I wrote a front-page 
article in my September 1, 
1980, W5YI Report about 
the' FCC getting out of the 
testing business. It was an 
obvious and logical conclu¬ 
sion to me. Few amateurs 
put stock in my observa¬ 
tions. 

Volunteer Testing 
Becomes a Reality 

Senator Barry Coldwater 
K7UCA, politically the na¬ 
tion's highest-ranking ama¬ 
teur-radio operator, played 
the major role in what was 
to become Public Law 97- 
259. Legislation covering 
volunteer examinations ac¬ 
tually had its start, however, 
in the spring of 1981, when 
William E. Dannemeyer (R- 
Califomia) proposed a Com¬ 
munications Act Amend¬ 
ment that would allow vol¬ 
unteers to legally administer 
the Novice examination 
Even though Novice exams 
had been administered by 
volunteers for decades. 
Dannemeyer said: "Govern¬ 
ment rules forbid volunteer 
help by a private citizen." 
Dannemeyer added that: 
"This practice saves the FCC 
money and is more con¬ 
venient for the amateur 
community by eliminating 
the need to travel to an FCC 
field office, which is often a 
good distance away." He 
felt that the law should pro¬ 
vide for volunteer amateur- 
radio operator testing. 


Coldwater picked up on 
this theme and proposed as 
a saving to taxpayers that all 
amateur-radio operator ex¬ 
aminations be prepared, ad¬ 
ministered, and graded by 
ham volunteers. Congress 
approved volunteer testing 
as part of the "Communica¬ 
tions Technical Amend¬ 
ments Act of 1982." It was 
signed into law by President 
Reagan on September 13, 
1982. On October 22, 1982, 
the ARRL filed a petition 
seeking to implement the 
volunteer testing portion of 
Public Law 97-259. 

The following year, a Re¬ 
port and Order was adopted 
by the FCC authorizing vol¬ 
unteer ham testing. A sys¬ 
tem of regional VECs (Vol¬ 
unteer Examiner Coordina¬ 
tors) was established to act 
as a liaison beween the FCC's 
licensing facility and each 
team of three volunteer ex¬ 
aminers who would adminis¬ 
ter the tests. The American 
Radio Relay League had 
wanted a single national 
non-profit organization to 
be appointed as amateur- 
radio operator test adminis¬ 
trator. Instead, the FCC em¬ 
barked on the regional VEC 
concept "to generate suffi¬ 
cient interest in the VEC 
function and to get a signifi¬ 
cant amount of participa¬ 
tion in the program." 

League Balks 
at Becoming a VEC 

Everyone thought that 
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once volunteer testing was 
approved, the ARRL would 
immediately apply to be¬ 
come a VEC in all regions. 
Such was not the case. The 
League said that they 
wouldn't apply to become a 
VEC unless out-of-pocket 
expense reimbursement was 
authorized. At the League's 
urging, on November 3, 
1983, Goldwater authored a 
bill (S.1045) to permit volun¬ 
teers to be reimbursed by 
applicants up to $4.00 for 
ham examinations above 
the Novice level. A provi¬ 
sion was made for increases 
in the expense reimburse¬ 
ment based on inflation. 

Meanwhile, the FCC said 
that 1984 would be the last 
year that they would admin¬ 
ister amateur-radio operator 
examinations, and even then 
only on a quarterly basis. 
Amateurs began to feel un¬ 
easy because it was begin¬ 
ning to appear that future 
amateur testing would be 
very scarce.. and possibly 
nonexistent On December 
8, 1983, President Reagan 
signed FCC budgetary legis¬ 
lation which had ham-test-ex¬ 
pense reimbursement tagged 
to it It still had to be imple¬ 
mented by the FCC. 

By the spring of 1984, 
about a half dozen VECs 
had been approved by the 
Commission and they began 
to accredit volunteer exam¬ 
iners and give ham tests. 
There were many com¬ 
plaints among VECs about 
lack of cooperation from 
the League. It got the volun¬ 
teer examination program 
off to a rocky start The ARRL 
still had not applied to be¬ 
come a VEC, stating that 
they were waiting for the 
Commission to establish am- 
ateur-radio-operator exam 
reimbursement. 

The FCC issued a Notice 
of Proposed Rulemaking on 
March 9, 1984, asking the 
amateur community how 
expense reimbursement 
should be handled. The last 
year of FCC testing was half 
over when we filed our pro¬ 
posal with the Commission 
to become a VEC in all re¬ 


gions. Even though expense 
reimbursement had not 
been approved, we agreed 
to become a VEC based on a 
unique concept Instead of 
amateur-radio-operator test¬ 
ing materials being provided 
by the VEC, our VEs would 
be allowed to purchase 
them in the independent 
publishing marketplace. 

Even though the League 
said a volunteer testing pro¬ 
gram without expense re¬ 
coupment would bankrupt 
them, it didn't appear to us 
that being a national VEC 
would be that expensive a 
proposition, particularly if 
the needed materials were 
commercially available. On 
June 12, 1984, the FCC ap¬ 
proved our proposal and ap¬ 
pointed us a VEC in all re¬ 
gions—the first VEC to be so 
authorized. The Commis¬ 
sion issued us instructions 
shortly thereafter. Our pro¬ 
gram accredits only Extra¬ 
class amateurs as volunteer 
examiners, since only they 
can administer all written 
exams and any of the code 
tests. 

It also appeared to us that 
amateur radio was entering 
the doldrums again. Ham 
radio showed great growth 
in the 50s. Amateur radio 
didn't move forward again 
until the mid-1970s, when 
the FCC discontinued charg¬ 
ing fees for its ham tests. 
There has been basically no 
growth in the number of am¬ 


ateur-radio operators during 
the past two years. 

If a volunteer licensing 
program was to work, we 
reasoned that it would re¬ 
quire the following ele¬ 
ments: 

• Simple and streamlined 
procedures 

• Wide availability 

• A minimum of waiting to 
administer the tests 

• Easy administration 

• An inexpensive cost 

• Well-publicized availa¬ 
bility 

We kept these points in 
mind when making deci¬ 
sions regarding our pro¬ 
gram. 

Volunteer Examiner 
Coordinator 

The VEC does not give 
tests. A VEC merely coordi¬ 
nates the testing and licens¬ 
ing function and acts as the 
link between the govern¬ 
ment and the volunteer ex¬ 
amining team. A VEC also: 

1) Recruits and accredits 
volunteer examiners and is¬ 
sues accreditation docu¬ 
ments. 

2) Keeps volunteer exam¬ 
iners aware of additions and 
amendments to program 
rules. 

3) Provides for or ap¬ 
proves amateur testing ma¬ 
terials. 

4) Provides for necessary 
test-session forms such as 
FCC Form 610, application 
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forms, test reports, Certifi¬ 
cates of Successful Comple¬ 
tion, etc. 

5) Collects successful can¬ 
didates' application forms, 
answer sheets, and test re¬ 
sults. 

6) Prepares and maintains 
records of testing sessions. 

7) Screens and forwards 
successful applications for 
amateur-radio operator li¬ 
censes to the FCC in Gettys¬ 
burg PA. 

8) Resolves defects in FCC 
Form 610 made by appli¬ 
cants. 

9) Evaluates test ques¬ 
tions to ensure clarity and 
accuracy and forwards rec¬ 
ommendations to the FCC. 

10) Determines amount 
of out-of-pocket reimburs¬ 
able expenses and ensures 
that annual expense certifi¬ 
cation documents are for¬ 
warded to the FCC. 

The Volunteer Examiner 

The FCC requires that 
three volunteers administer 
amateur-radio operator ex¬ 
aminations above the Nov¬ 
ice level. The volunteer test¬ 
ing program rules require 
that the written exams be 
administered by amateurs 
holding higher class licenses 
than those tested. Only Ex¬ 
tra-class volunteer examin¬ 
ers can administer the 13- 
and 20-wpm code tests. In 
view of this, we only accred¬ 
it Extra-class amateurs in 
our program. 

To be a VE under our pro¬ 
gram, you simply must send 
us the following signed 
statement along with a 
photocopy of your current 
FCC amateur Extra-class li¬ 
cense: "I am a currently li¬ 
censed Extra<lass amateur- 
radio operator and wish to 
be a volunteer examiner. I 
have never had my station or 
operator license revoked or 
suspended. I do not own a 
significant interest in nor am 
an employee of any com¬ 
pany or entity engaged in 
making, preparing, or distrib¬ 
uting amateur-radio equip¬ 
ment or license-preparation 
materials. My age is at least 
18 years old." There are no 
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other requirements and the 
accreditation is for an inde¬ 
finite period of time. (Send 
to: W5YI-VEC, PO Box 10101, 
Dallas TX 75207.) We also 
have a volunteer examiner 
certificate (see Fig. 1) avail¬ 
able for $1.00, but it is not 
necessary that a VE have this. 

Since it takes a three-man 
accredited VE team to give 
ham tests, it is important 
that you recruit at least two 
additional (and preferably 
more) Extra-class amateurs 
in your area to assist with 
test administration No ex¬ 
aminations can be given 
without three fully accredit¬ 
ed VEs. Both large-scale and 
small test sessions (as few as 
a single applicant) can be 
conducted. 

So You Want To Give A Test 

Until recently, a VEC had 
to notify the FCC 30 days in 
advance of an amateur-ra¬ 
dio operator testing session. 
This required that we be no¬ 
tified a minimum of six 
weeks in advance. We wrote 
the FCC last November ask¬ 
ing for a modification of this 
rule. The purpose of this no¬ 
tification was to provide lo¬ 
cal FCC field offices with 
testing information so that 
they can properly respond 
to amateur-radio operator 
test inquiries. We felt that 
the letter writing was bur¬ 
densome, required exces¬ 
sive advance planning on 
the part of the VE, and we 
noted that some testing ses¬ 
sions (such as those involv¬ 
ing ham-radio graduating 
classes or handicapped indi¬ 
viduals) are not open to the 
public 

Effective January. 1985, 
the FCC notification require¬ 
ments have been eliminat¬ 
ed. This has greatly speeded 
up test administration. VEs 


now only have to advise the 
VEC that a test session will 
be held and request appro¬ 
priate testing information. 
This can even be done by 
telephone! The test session 
can then be held immediate¬ 
ly. All we require now in the 
way of advance information 
is the city and state that the 
test will take place in, the 
date of examination, and 
the name, callsign, address, 
and telephone number of 
the volunteer examiner. 

The VEs must make a pub¬ 
lic announcement before 
each examination session. 
The announcement must 
show the amount of reim¬ 
bursement fee required from 
each candidate and where 
and how it is to be paid. This 
public announcement can 
be in any form, including an 
announcement at a club 
meeting, club bulletin re¬ 
lease, posted handbill at the 
local ham equipment sup¬ 
plier, or an announcement 
on your local amateur re¬ 
peater. 

Testing Materials 

The enabling legislation 
not only authorized volun¬ 
teer ham-test administra¬ 
tion, but preparation by am¬ 
ateurs as well. During 1982 
and 1983, the FCC mounted 
a campaign to develop 
banks of questions which 
would form the various 
amateur-radio examination 
pools. It was decided that 
ten times the number of 
questions as needed in any 
one test would be gen¬ 
erated. 

The amateur community 
was invited to submit ques¬ 
tions for use in the examina¬ 
tions—one question to a 
sheet of paper complete 
with the proper answer and 
reference source confirming 


the correct answer. The 
ARRL and Dayton Amateur 
Radio Association contrib¬ 
uted the most questions and 
it took over a year to come 
up with all of the needed 
questions. Many left a lot to 
be desired. 

The FCC released the 
questions to the public in 
various PR bulletins. Many 
amateurs not familiar with 
the volunteer examining 
program were shocked to 
learn that the actual ques¬ 
tions were now publicly 
available from the Commis¬ 
sion. Only the questions and 
not the answers were re¬ 
leased. Many questions had 
more than one right answer. 
We filed a Freedom of Infor¬ 
mation Act request with the 
FCC for the answers. This 
was approved and I sent the 
FCC's contract copying ser¬ 
vice to the Personal Radio 
Branch in Washington DC to 
get them. We later forward¬ 
ed the answers to all known 
amateur-radio operator li¬ 
cense-preparation material 
publishers. 

The ARRL went on record 
as stating that, in their opin¬ 
ion, not only the questions, 
but the multiple-choice an¬ 
swer and distractors (wrong 
answers) should be part of 
the question pool as well. 
The FCC said that any ama¬ 
teur that memorizes all 
questions in the pool would 
have to have knowledge of 
the subject since the num¬ 
ber of questions was so vast 
(see Fig. 2). 

The Advanced questions 
were due for revision in Feb¬ 
ruary and may have been al¬ 
ready revised by the time 
you read this Our under¬ 
standing is that very few 
questions will be changed, 
however. The FCC revises 
the question pools once a 


Novice 

Technician/ 

General 

Advanced 

Extra 


Element 2 
Element 3 

Element 4A 
Element 4B 


Question 

Pool 

200 questions 
500 questions 


FCC Current Questions 

Bulletin Version Reviewed 

PR-1035A August, 1984 July 1 

PR-1035B November, 1984 October 1 


500 questions PR-1035C April, 1984 January 1 

400 questions PR-1035D April, 1984 April 1 


Fig. 2. The FCC question pool. 
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year on a staggered quarter¬ 
ly basis. Volunteer examin¬ 
ers submit their recommen¬ 
dations for question changes, 
deletions, and additions, ac¬ 
cording to the schedule in 
Fig. 2, to their VECs, who in 
turn forward them to the 
FCC. 

On June 27, 1984, the 
ARRL applied for VEC status 
in all regions to take effect 
upon implementation of ex¬ 
pense reimbursement. It 
was the first instance that a 
license-preparation material 
publisher had applied to co¬ 
ordinate tests. As a prerequi¬ 
site to the ARRL becoming a 
VEC in all regions, the 
League was required to re¬ 
lease their multiple-choice 
questions to the public and 
place them in the public do¬ 
main so as not to gain a pub- 
lishing advantage. The 
League sent their multiple- 
choice questions and an¬ 
swers to all other VECs and 
known license-preparation 
publishers. They were ad¬ 
vised that they could repub¬ 
lish them if they wished. At 
least two of them did (West 
Radio School and AMECO) 
and more are sure to. The 
ARRL was approved as a na¬ 
tional VEC on July 21st 

License-Preparation 

Materials 

Widespread availability 
of adequate testing and li¬ 
cense-preparation materials 
must occur if volunteer test¬ 
ing in the Amateur Radio 
Service is to succeed. We 
have approved the tests of 
the West Radio School (Gor¬ 
don West WB6NOA, 2414 
College Drive, Costa Mesa 
CA 92626; (714J-549-5000) for 
use by our VEs. Gordon has 
ten different versions of 
every written and code test. 
We merely advise VEs 
which versions should be ad¬ 
ministered. In the interest of 
making volunteer amateur 
testing more readily avail¬ 
able, Gordon has reduced 
the price of his testing series 
to only $10.00 for all of his 
testing materials. 

The West Radio School 
V£ Test Set contains ten dif- 




ferent versions of the Ele¬ 
ments, Element4A, and Ele¬ 
ment 4B written examina¬ 
tions and ten versions each 
of the 5-wpm, 13-wpm, and 
20-wpm code tests on three 
cassette tapes. You can 
photocopy as many blank 
test sheets as you need once 
we tell you which one to ad¬ 
minister. The code tests are 
excellent. You don't have to 
say a thing. All of the testing 
instructions—even a prac¬ 
tice copying session—is right 
on the tape. The test set in¬ 
cludes all of the answer 
sheets for the VE team. The 
$10.00 price is actually un¬ 
der his cost, but he wants this 
as his contribution to the 
volunteer testing program. 

Once the test questions 
and answers are known, the 
pass rate should dramatical¬ 
ly increase. Gordon West, 
owner of the West Radio 
School, is a nationally rec¬ 
ognized writer and educa¬ 
tor He teaches his ham 
classes based on the actual 
questions in the pool. While 
the VE program is currently 
averaging a 48% success 
rate nationally, a recent 
West graduating class had 
an 87% pass rate. (172 stu¬ 
dents out of 197 adminis¬ 
tered Element 3 passed!) 
Clubs that plan license up¬ 
grade classes would do well 
to use West Radio School's 
manuals, which are based 
on the VE question pools. 

Actually, we will approve 
any credible amateur-radio 
operator tests for use in our 
VE program. Effective Janu¬ 
ary 12, 1987, the volunteer 
examiner as well as the VEC 
may select the test ques¬ 
tions/answers and design the 
examinations. 

Marty Schwartz KB2LO 
of AMECO is in the process 
of releasing revised test 
manuals which not only 
have the approved ques¬ 
tions, but also multiple- 
choice questions, answers, 
and distractors to be used 
for testing. AMECO's tests, 
like those of West Radio, 
use the ARRL multiple- 
choice questions Dick Bash 
also advises he will have 


testing materials available 
eventually. A serious prob¬ 
lem facing ham-license- 
preparation publishers is 
that test questions are some¬ 
times changed, making pre¬ 
vious manuals and tests ob¬ 
solete. 

The Paperwork 

No one likes paperwork, 
least of all us. We keep it to 
an absolute minimum. If the 
FCC doesn't require it, we 
don't. And there isn't much 
that is required. We basical¬ 
ly only have four forms: 

The FCC Form 610 (Appli¬ 
cation for Amateur Radio 
Station and/or Operator Li¬ 
cense) is, by far, the most im¬ 
portant The other required 
forms are the Certificate of 
Successful Completion of 
Examination, the Manifest 
of Applicants, and the Ex¬ 
amination Test Report. 

Only the current version 
(June, 1984) of Form 610 is 
suitable for the volunteer 
testing program and it is 
very important that it be 
properly filled out Our in¬ 
structions to the VE team 
cover this. Defective appli¬ 
cations cause delays and un¬ 
believable time-consuming 
work and expense for us. 

We issue every volunteer 
examiner an accreditation 
card and a distinctive ac¬ 
creditation number. The 
Manifest of Applicants mere¬ 
ly lists the examinees that 
were tested and their pass/ 
fail results by license class. 
The Examination Test Re¬ 
port reports the number of 
applicants that upgraded (or 
failed to upgrade) and the 
pass/fail results for each ele¬ 
ment administered in the ex¬ 
amination session. 

A Certificate of Success¬ 
ful Completion of Examina¬ 
tion has a dual purpose. It is 
issued to each candidate 
who scores a passing grade 
When the applicant passes a 
required telegraphy exami¬ 
nation for a higher class op¬ 
erator license but fails the 
required written examina¬ 
tion, it serves as evidence 
for credit for the telegraphy 
examination at a subse¬ 


quent examination session 
held within 365 days of the 
date of issue. 

When the candidate al¬ 
ready has an FCC-issued am¬ 
ateur-radio license and 
scores a passing grade on all 
examination elements re¬ 
quired for a higher class op¬ 
erator license, it serves as 
evidence that the candidate 
is authorized to operate on a 
temporary basis with the 
rights and privileges of the 
higher operating class up to 
365 days. 

Universal "identifiers" are 
temporarily appended to an 
applicant's callsign after he 
upgrades while awaiting re¬ 
ceipt of his new license from 
the FCC. This is so the appli¬ 
cant may immediately begin 
using newly obtained privi¬ 
leges. On CW, the applicant 
signs his callsign followed 
by the slant bar (/) and the 
designator On voice, the 
word "temporary" followed 
by the identifier is used. The 
temporary identifiers are: 

KT—Technician 

AG—General 

AA—Advanced 

AE —Extra 

Temporary operating au¬ 
thority—the so-called "in¬ 
stant-upgrade" privileges— 
has been extended from 90 
days to one year to coincide 
with the terms of a code 
credit certificate. 

The VE must return the 
paperwork to the VEC with¬ 
in ten days of test adminis¬ 
tration, and the VEC must, in 
turn, return it to the FCC's 
Gettysburg, Pennsylvania, li¬ 
censing facility. The paper¬ 
work consists of the com¬ 
pleted FCC Form 610, a 
photocopy of the applicant's 
license, and their answer 
sheets. (Only the answer 
sheets. It is not necessary to 
return the test itself to the 
VEC.) 

Where's the Nearest Exam? 

We get several inquiries 
weekly from amateurs that 
would like to upgrade and 
want to know where we are 
coordinating amateur-radio 
operator examinations near¬ 
by. While we have dozens of 


examination sessions sched¬ 
uled, our area of VEC juris¬ 
diction is worldwide. Fre¬ 
quently, we have to advise 
the applicant to contact our 
nearest volunteer examiner. 
If an accredited VE is not. 
nearby, we ask the applicant 
to locate the closest ama¬ 
teur-radio club or Extra-class 
amateur and have them get 
in touch with us so that we 
can possibly schedule a test¬ 
ing session. For those of you 
who want to upgrade, we 
suggest that approach. There 
really is not examination 
shortage, merely a shortage 
of volunteers to administer 
them. 

Be the Testing Authority 
in Your Area 

Amateur-radio operators 
have always volunteered 
their services in time of 
need. Now it is time to help 
ourselves. Volunteer exam¬ 
iners will have a profound 
influence on the "health" of 
the Amateur Radio Service. 
There was no growth in the 
service last year—about a 
third less amateurs upgrad¬ 
ed. Growth is important to 
our future and our coun¬ 
try's future. 

The VE plays an impor¬ 
tant role in maintaining the 
integrity of the volunteer ex¬ 
aminer program. Amateur 
radio can only be as good as 
its operators, and it is the VE 
that largely determines who 
they will be. VEs also bear 
an important public rela¬ 
tions burden. They are ex¬ 
pected to be the amateur 
testing and licensing expert 
in their area. 

If you are an Extra-class 
amateur-radio operator and 
would like to participate in 
the volunteer examiner pro¬ 
gram, just send us a photo¬ 
copy of your license and the 
required signed statement 
and we will set you up in the 
amateur testing business at 
once. Send to. W5YI-VEC, 
PO Box 10101, Dallas TX 
75207. Many VEs give tests 
on a monthly basis—some 
before each club meeting. 
It's really quite easy! Let us 
hear from you. ■ 
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David Rich 
Route 1, Box 9 
York NE 68467 


The Incredible Digiohm 

How to put ten million resistors in the palm of your hand? 
Build the ultimate substitution box. 


D id you ever notice how 
complicated your life 
is becoming? Back in the 
good old days, resistors 
with a 20% tolerance rating 
were basic in all electronic 
circuitry. Through the years 
we have "progressed” 
through the 20% to 10% to 
5% to 1% tolerance resis¬ 
tors. Granted there are 
many circuits where the 
20% resistors are still used 
quite extensively, but as we 
strive for higher precision, 
lower noise, higher speed, 
lower cost, etc,, we are see¬ 
ing an increasing use of 1 % 
resistors. 

A listing of standard 1% 
resistor values for values 
from ten to one million 
Ohms contains over 480 dif¬ 
ferent resistor values. Not 


only do you have to pur¬ 
chase a ridiculous number 
of resistors, but you must 
also keep them sorted. 
Have you ever tried to read 
the color code on a 1%, 
V4-W resistor? Next to im¬ 
possible! If you can read 
five color bands on a 
resistor that is only !4" 
long, you're in the wrong 
hobby, you should be a 
stamp collector. What's the 
answer to this problem? 
Read on. 

Digiohm, the portable re¬ 
sistance box, was designed 
to make life simple again. 
Digiohm is capable of any 
of ten million resistance val¬ 
ues from 0 to 9,999,999 
Ohms. Digiohm uses a lever- 
operated switch to dial in 
any resistance value. Each 


of the seven switch sections 
has ten positions labeled 0 
to 9. With the proper con¬ 
nection of 63 resistors to the 
switch, any of the ten mil¬ 
lion resistance values can be 
selected in a matter of 
seconds just by dialing in 
the value needed. For less 
than $20.00 and some junk- 
box parts (and a little time), 
you can build Digiohm. 

Digiohm's theory of oper¬ 
ation is simple: When resis¬ 
tors are connected in series, 
the total resistance equals 
the sum of the individual re¬ 
sistances. Fig. 1 shows the 
schematic diagram of Digi¬ 
ohm. As you can see, there 
are seven identical decade 
(10-position) switch sections. 
Each switch section con¬ 
tains nine resistors. The 


switch section on the right 
(ones-unit switch) contains 
nine 1-Ohm resistors. When 
the switch is placed in the 
zero position, current flows 
directly through the switch 
without passing through any 
of the 1-Ohm resistors, and 
thus the resistance of the 
first switch section would be 
zero Ohms. 

When the right switch is 
placed on any value 1 
through 9, the correspond¬ 
ing number of 1-Ohm resis¬ 
tors are switched into the 
circuit to provide the appro¬ 
priate resistance value. 

The switch section sec¬ 
ond from the right is called 
the tens-unit switch. The 
tens-unit switch has nine 
10-Ohm resistors connected 
in series and is capable of 
the following resistances: 0, 
10, 20, 30, 40, 50, 60, 70, 80, 
and 90 Ohms. The other five 

Dial Common Connection to: 

0 0 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 



Fig. 2. Truth table. 





switches are similar Each 
consists of nine resistors 
connected in series. See 
Fig. 1. 

Before construction can 
begin, it will be necessary to 
purchase or locate the 
switch assembly, resistors, 
binding posts, and box. The 
binding posts and box are 
not critical and can be pur¬ 
chased locally if you do not 
have them in your junk box 
The resistors are all V* Watt, 
1 % tolerance except for the 
1-Ohm resistors, which are 
5% tolerance. I used 5% for 
the 1-Ohm resistors because 
I had difficulty purchasing 
1-Ohm resistors with a 1% 
tolerance rating at a reason¬ 
able price. Nine resistors of 
each of the values shown in 
the parts list are required; 
however, for the small extra 
cost, it is recommended that 
ten resistors of each value 
be purchased. The extra 
resistor may be necessary 
to replace a resistor which 
was damaged during con¬ 
struction. 

The switch assembly is 
the most critical part of Digi¬ 
ohm The basic switch sec¬ 
tion is a single-pole ten-posi¬ 
tion switch with the num¬ 
bers 0 through 9 indicated. 
Fig. 2 shows the truth table 
for the switch. The switch 
assembly used to build Digi- 
ohm is a Digitran model 
28531-7. This switch assem¬ 
bly is available from Elec¬ 
tronic Design and Sales, as 
shown in the parts list. The 


model 28531-7 switch as¬ 
sembly is similar to a thumb¬ 
wheel switch except that it 
has miniature levers which 
are used to operate the 
switch. The lever-operated 
switch has a couple of bene¬ 
fits over a thumbwheel 
switch. First, the switch can 
be reset to zero with a 
sweep of the hand, permit¬ 
ting instant reset Second, 
the lever operation permits 
rapid switch setting when 
compared to the standard 
thumbwheel switch. Al¬ 
though I have discussed the 
thumbwheel-type switch, 
any ten-position switch can 
be used as long as it match¬ 
es the truth table shown in 
Fig. 2. 

If you purchase the 
switch assembly from Elec¬ 
tronic Design and Sales, it is 
likely that it will appear as in 
Photo A. The switch assem¬ 
bly was originally planned 
to be installed in medical 
equipment before being 
purchased as surplus equip¬ 
ment. As Digiohm does not 
use multiplexer circuitry in 
conjunction with the de¬ 
cade switch, it will be neces¬ 
sary to remove the bus wir¬ 
ing. This can be done by cut¬ 
ting the wires between 
switch sections and using a 
soldering iron and needle- 
nose pliers to remove the 
short wire segments. It is a 
good idea to pull the short 
wire segments from the side 
opposite the conductor so 
that the conductor is not ac¬ 
cidentally pulled from the 



Fig. 4. Cutout dimensions. 

board. After the wires have 
been removed, it will be 
necessary to remove the ex¬ 
cess solder from the holes. 

After the switch has been 
prepared, the resistors can 
be inserted and soldered to 
the switch. Fig. 3 shows the Fig. 5. Digiohm can be used 
resistor connection. During as Rs in a Wheatstone-bridge 
construction you will dis- circuit. 




Photo A. Switch assembly with bus wiring 


Photo B. Switch assembly with resistors and wiring installed. 
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HI-TECH MODULES 


DIGITAL FREQUENCY SYNTHESIZER 
PHASE LOCK LOOP HFO 

LATCH 



FEATURES 

1) 5.0 TO 5.5 MHz TUNING RANGE 

3) STD BUS PLUG BOARD FORMAT 
( 6 » 4.5. 56 PIN EDGE FINGERS ) 

4) 3.0 Vp-p OUTPUT INTO A 50 OHM LOAD 
MODEL DFS-1 

WIRED & TESTED $ 98.00 

ADD $ 3.00 P&H 

NYS ADDRESSES ADD 7.5% 

OTHER MODULES AVAILABLE CALL OR WRITE: 

Electronic Systems Consultants, Inc. 

P.O.Box 1 105. Smithlown, N.Y. 11787 <518)361-8147 


cover why Vi -Watt resistors 
were specified; Vi -Watt re¬ 
sistors fit quite nicely, 
whereas Vi-Watt resistors 
would have been more diffi¬ 
cult to install, Some care 
should be taken when bend¬ 
ing the resistor leads, as they 
can break from the resistor 
body. 

After you have finished 


soldering the 63 resistors, 
you'll be ready for a change 
The next step is to cut out 
the front panel for the 
mounting of the switch as¬ 
sembly and the binding 
posts. Fig. 4 shows the cut¬ 
out dimensions. Layout is 
not critical. Before drilling 
holes for the binding posts, 
check their diameter 



Photo C. The finished product. 
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The next step is to mount 
the switch assembly and the 
binding posts. After you 
have mounted the switch as¬ 
sembly and binding posts, 
you will need to solder the 
two wires as shown in Pho¬ 
to B. 

You are now ready to 
check out Digiohm. Con¬ 
nect an ohmmeter to the 
binding posts and set the 
ohmmeter to the lowest re¬ 
sistance range. With all the 
switches on Digiohm set to 
zero, the ohmmeter should 
read zero Ohms Next, move 
the rightmost switch (ones- 
unit switch) through every 
position while watching the 
ohmmeter reading. The ohm¬ 
meter should correspond to 
the value set on Digiohm 
After you have checked out 
the ones-unit switch, return 
it to zero and check the re¬ 
maining switches in a similar 
manner. It will be necessary 
to set the ohmmeter to the 
appropriate range and zero 
it before checking each 
section. 

If you run across a prob¬ 
lem. it will most likely be a 
poor solder joint or the in¬ 
stallation of a resistor with 
the wrong value. By using 
the above checkout, you 
should be able to locate the 


problem without much diffi¬ 
culty. 

After you have complet¬ 
ed the checkout and have 
made any required correc¬ 
tions, the front panel can be 
mounted. I used Vi" rub-on 
vinyl letters to write the 
word Digiohm on the front 
panel. Photo C shows the 
finished product. 

In addition to using it as a 
resistance substitution box, 
Digiohm can be used as Rs 
in the Wheatstone bridge 
shown in Fig. 5 

Whenever using Digiohm. 
you must be aware of its 
electrical specifications. 
Since Vi-Watt resistors are 
used, care must be taken not 
to exceed their rating. The 
Digitran model 28531-7 
switch is rated for maximum 
switching of 28 volts ac or 
dc and 50 milliamps of resis¬ 
tive current. In the non¬ 
switching mode, the switch 
is rated at 1 Amp. The switch 
has a dielectric rating of 500 
volts rms. These ratings are 
typical for thumbwheel- 
type switches. 

If you build the Digiohm, 
you will find that it is a wel¬ 
come addition to any hob¬ 
byist's bench. Good luck 
and happy switching. ■ 


Parts List 

All resistors are 'A Watt 
R1 -R10 1 Ohm, 5% 

R11-R20 lOOhms, 1% 

R21-R30 100 Ohms, 1% 

R31-R40 1000 Ohms, 1% 

R41-R50 10,000 Ohms, 1 % 

R51-R60 100,000 Ohms, 1 % 

R61-R70 1,000,000 Ohms, 1% 

Note: Only nine resistors of each value are required for the proj¬ 
ect (see text). 

J1-J2—binding posts, Radio Shack #274-662 or equivalent 

Si—switch assembly, ten position, seven sections. Digitran 
switch model 28531-7 or equivalent (see text) 

Box—Radio Shack #270-627 or equivalent size, 6V«' x 3 V*" x 


The following is available from Electronic Design and Sales, 
PO Box 502, Columbus NE 68601: Digitran model 28531-7— 
$13.00, ten resistors of each value—$4.00, complete Digiohm 
assembled—$59.95; Nebraska residents add 3y> % sales tax. 
Please include $2.50 for postage and handling. 





Ro bin Rumbolt WM T£M 
1134 C lade Hill Drive 
Knoxville TN 37919 


Speech! Speech! 

Here's a talking repeater controller that you can build in no time 
at all. It gives a whole new meaning to the word "vox"! 


T his project began as a 
voice identifier for one 
of our local repeaters. We 
wanted the ability to have 
several voice ID messages 
given at proper times during 
repeater operation. 

After the ID software had 
been written, I noticed that 
only a little additional hard¬ 
ware and software would be 


needed to completely re¬ 
place the repeater timer 
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Fig. 1. Microprocessor repeater interface and identifier. 
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board in the all-Motorola re¬ 
peater. I added what was 
needed to fully implement 
the repeater timer and 
squelch-tail timer functions, 
and the circuit ended up 
with the following features: 

1) Voice ID with up to 15 
switch-selectable messages. 
Each message can be indi¬ 
vidually selected or the mes¬ 
sages will automatically cy¬ 
cle through, giving a dif¬ 
ferent ID each ID period. 

2) ID interval set in soft¬ 
ware. Ours is set to 9 min¬ 
utes 45 seconds, but the pe¬ 
riod can be set to any length 
up to 255 seconds in 1-sec- 
ond increments. 

3) Repeater time-out tim¬ 
er. Timeout time set in soft¬ 
ware. We set ours to 2 min¬ 
utes, but any length up to 
255 minutes may be speci¬ 
fied in 1-second increments. 

4) Time-out messages. 
Ours says "Time out is near" 
at 15 seconds before time 
out Then at 2 seconds be¬ 


fore time out, it says "Over 
and out!" Times and mes¬ 
sages may be changed in 
software. 

5) Adjustable hang timer. 
DIP switches allow selection 
of hang times in 0.5-second 
increments from 0 to 7.5 
seconds. 

6) Courtesy beep at the 
end of the hang time. 

7) Independent disable 
lines brought out for all 
functions. 

8) Single-supply +12-volt 
operation. 

The Circuit 

The circuit shown in Fig. 1 
is built around just two ma¬ 
jor components, the Intel 
8748 microprocessor and 
the National Digitalker chip 
set. The microprocessor 
handles all the timing and 
message-storage jobs while 
the Digitalker does the actu¬ 
al voice synthesis. 

The Digitalker chip set 
contains a voice-synthesizer 


chip, the MM55104, and two 
speech ROMS which con¬ 
tain the data necessary to 
generate 143 different 
words and phrases. A word 
list showing the words avail¬ 
able in the basic chip set is 
shown in Fig. 2. Two op 
amps are connected to the 
output of the voice synthe¬ 
sizer to provide for speech 
filtering and audio amplifi¬ 
cation to speaker-level 
audio. Since speech is digi¬ 
tally constructed in the Digi¬ 
talker, the output needs to 
be low-pass filtered to re¬ 
move extraneous digital 
noise and high-frequency 
by-products. This filtering 
helps the speech to sound 
more natural. Without it, the 
speech tends to sound some¬ 
what garbled. 

The 8748 microprocessor 
has attached to it three sets 
of DIP switches. The first 
set S1-S4, is used to select 
the ID message to be sent 
at ID time. The second set. 


S5-S8, is used to select the 
hang-time length. The last 
set, S9-S13, is used for func¬ 
tion controls. The micro has 
internal pull-up resistors for 
most of the lines going to 
the switches, so only one 
line, pin 39, needs external 
pull-up, provided by resistor 
R1. All lines going to the mi¬ 
cro are TTL-compatible, so 
standard negative-true logic 
was adopted. That is, ground¬ 
ing a line causes its function 
to occur. 

The function lines out of 
the processor allow you to 
control what it does. The 
COR line is the most impor¬ 
tant. It connects, with prop¬ 
er interface, to your re¬ 
peater receiver Bringing it 
low triggers all functions 
done by this circuit. The ID 
ON line enables you to have 
the micro continuously send 
the ID message you have se¬ 
lected with DIP switches 
S1-S4. The ID DISABLE line 
prevents ID generation 


Word Hex Address 

THIS IS DIGITALKER 00 

ONE 01 

TWO 02 

THREE 03 

FOUR 04 

FIVE 05 

SIX 06 

SEVEN 07 

EIGHT 08 

NINE 09 

TEN 0A 

ELEVEN 0B 

TWELVE 0C 

THIRTEEN 0D 

FOURTEEN 0E 

FIFTEEN OF 

SIXTEEN 10 

SEVENTEEN 11 

EIGHTEEN 12 

NINETEEN 13 

TWENTY 14 

THIRTY 15 

FORTY 16 

FIFTY 17 

SIXTY 18 

SEVENTY 19 

EIGHTY 1A 

NINETY IB 

HUNDRED 1C 

THOUSAND ID 

MILLION IE 

ZERO IF 

A 20 

B 21 

C 22 


D 

E 

F 

G 

H 


J 

K 

L 

M 

N 

O 

P 

Q 

R 


U 

V 
W 
X 

Y 


AGAIN 

AMPERE 

AND 

AT 

CANCEL 

CASE 

CENT 

400 Hz TONE 
80 Hz TONE 
20 MS SILENCE 
40 MS SILENCE 
80 MS SILENCE 
160 MS SILENCE 


23 

24 

25 

26 

27 

28 

29 
2A 
2B 
2C 
2D 
2E 
2F 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 


3A 

3B 

3C 

3D 

3E 

3F 

40 

41 

42 

43 

44 

45 

46 


320 MS SILENCE 

CENTI- 

CHECK 

COMMA 

CONTROL 

DANGER 

DEGREE 

DOLLAR 

DOWN 

EQUAL 

ERROR 

FEET 

FLOW 

FUEL 

GALLON 

GO 

GRAM 

GREAT 

GREATER 

HAVE 

HIGH 

HIGHER 

HOUR 

IN 

INCHES 

IS 

IT 

KILO 

LEFT 


LESSER 

LIMIT 

LOW 

LOWER 

MARK 

METER 

MILE 


47 MILLI- 

48 MINUS 

49 MINUTE 
4A NEAR 
4B NUMBER 
4C OF 

4D OFF 
4E ON 
4F OUT 

50 OVER 

51 PARENTHESIS 

52 PERCENT 

53 PLEASE 

54 PLUS 

55 POINT 

56 POUND 

57 PULSES 

58 RATE 

59 RE- 
5A READY 
5B RIGHT 

5C -SS (makes plurals) 
5D SECOND 
5E SET 
5F SPACE 

60 SPEED 

61 STAR 

62 START 

63 STOP 

64 THAN 

65 THE 

66 TIME 

67 TRY 

68 UP 

69 VOLT 
6A WEIGHT 
6B 


6C 

6D 

6E 

6F 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 
7A 
7B 
7C 
7D 
7E 
7F 

80 
81 


84 

85 

86 
87 


8A 

8B 

8C 

8D 

8E 

8F 


Fig 2. Digitalker master word list 
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Fig. 3. The Motorola Micor receiver-tomicroprocessor inter¬ 
face (top) and the identifier-exciter PTT interface. 


whenever it is grounded. The 
TIME-OUT DISABLE line will 
defeat the internal time-out 
countdown and enable Q1 
to stay enabled for as long 
as the COR line is held low 
The RPT DISABLE line is 
really powerful, as it should 
be. Whenever it is brought 
low. Q1 is immediately turned 
off and all functions are dis¬ 
abled. This line may also be 
used as a system reset. The 
BEEP ENABLE line, when 
grounded, allows the cour¬ 
tesy beep to occur at the 
end of the hang-time period. 

Remember that with ex¬ 
ception of the PTT line from 
Q1, all of these lines are lim¬ 
ited to a maximum voltage 
of 5 volts, so be careful 
when interfacing this circuit 
into your repeater system. 
Although all of these lines 
are connected to on-board 
DIP switches for local con¬ 
trol, they may also be con¬ 
nected to external, open- 
collector, TTL-level devices 
for remote control. When 
using external control, make 
sure that all on-board DIP 
switches are set to their 
open, or off, positions. 

Construction and Operation 
Our prototype circuit was 
built on a Vector 3677-2 DIP 
plugboard for ease of mount¬ 
ing in our repeater. I highly 
recommend building the cir¬ 
cuit on plug-in boards. It 
surely makes debugging 
easier! Sockets were provid¬ 


ed for all ICs. Since the cir¬ 
cuit draws about 200 mA at 
12 volts, a small TO-220- 
style heat sink was provided 
for the 5-volt regulator, IC7 
Also note the 15-volt 1-Watt 
zener across the 12-volt bus. 
That little diode, placed on 
each board in the repeater 
system, has saved my back¬ 
side several times when 
lightning hit or when the 
main-supply pass transistor 
in the repeater shorted out. I 
highly recommend its use. 

After the circuit is wired, 
check it over carefully sev¬ 
eral times. If possible, have 
a friend check it too. There 
isn't much to it, but the ICs 
are expensive, so don't take 
a chance. 

After checking the wiring 
and before you insert the ICs 
in their sockets, check the 
power-supply voltages. 
Once you're satisfied that 
all is in readiness, set all DIP 
switches to their open posi¬ 
tion, plug in the ICs, attach a 
speaker, and apply power. 
The circuit should wake up 
with a short burst of unintel¬ 
ligible speech followed by 
silence. 

Next, close all of the ID 
MESSAGE SELECT switches. 
Then close the ID ON switch. 
The circuit should then cy¬ 
cle through the ID messages 
that have been prepro¬ 
grammed into the proces¬ 
sor. If all is OK thus far, con¬ 
gratulations! The rest of the 
functions should now also 


work as advertised. You're 
ready to interface the circuit 
into your repeater. 

Obviously, I can't show 
you how to interface to all 
equipment but Fig 3 shows 
the interface we used be¬ 
tween the circuit and the 
Motorola Micor® audio¬ 
squelch and transmitter-ex¬ 
citer boards in our system. 

Once interfaced into your 
system, all you'll need to do 
now is set the HANG-TIME 
SELECT switches. They are 
set in binary. First, deter¬ 
mine the number of half-sec¬ 
onds of time desired. Then 
consult the chart in Fig. 4 for 
the proper switches to close. 
If all switches are open, 
there will be no squelch tail. 
The PTT will follow the COR 
signal immediately. 

Here's how the system op¬ 
erates once successfully in¬ 
terfaced. When the receiver 
senses an incoming signal, it 


pulls the COR line low. Two 
events then occur. First the 
PTT transistor is turned on 
to enable the repeater trans¬ 
mitter. Second, the ID inter¬ 
val timer is started and will 
continue to run until it times 
out Voice ID is then certain 
to occur unless disabled by 
the ID DISABLE line, regard¬ 
less of the state of the COR 
line. 

When the COR line is re¬ 
leased, or brought high 
again, the hang-time count¬ 
down is begun. When this 
countdown is complete (at a 
time set by the HANG-TIME 
SELECT switches), the pro¬ 
cessor turns off Q1, thereby 
turning off the transmitter. 
If the courtesy-beep line has 
been tied low, the processor 
will also command the 
voice synthesizer to send a 
short beep of 400-Hz tone If 
the COR line is held low, 
about 15 seconds before 


Resistors 

R1, R2, R4, R5 

Parts Ust 

10k, 'A W, 10% 

$ .24 

R3 

5.6k, V* W, 10% 

.06 

R6 

Potentiometer, 50k 

.59 

R7 

10 Ohm, 'A W, 10% 

.06 

R8 

1.5k, V. W, 10% 

.06 

R9 

1 M, V, W, 10% 

.06 

RIO 

68 Ohm, Vt W, 10% 

.06 

Capacitors 

C1.C17 

.01 uF, disc ceramic, 50 V 

.40 

C2, Cl 2 

20 pF, disc ceramic, 50 V 

.40 

C3 

1.0 uF, electrolytic, 15 V 

.59 

C4-7, C14-16 

0.1 uF, disc ceramic, 50 V 

1.40 

C8, CIO 

10 uF, electrolytic, 15 V 

1.18 

C9 

.05 uF, disc ceramic, 50 V 

.20 

C11 

56 pF, disc ceramic, 50 V 

.20 

C13 

100 uF, electrolytic, 15 V 

69 

IC1 

Microprocessor, Intel 8748 


IC2-4 

National Digitalker chip set 

35.00 

IC5 

LM7805 voltage regulator, 5 V 

.79 

IC6 

MC1458 dual op amp 

.59 

IC7 

LM386 power op amp 

.89 

D1 

Zener diode, 9.1 V, 1 W 

.25 

D2 

Zener diode, 15 V, 1 W 

.25 

Q1 

Transistor, NPN 2N3904 or 



equivalent 

.25 

XI, X2 

Crystal, 4.0 MHz 

7.90 

S1-S4, S5-S8 

DIP switch, SPST, 4 position 

2.38 

S9-S13 

DIP switch, SPST, 8 position 

1.49 


PC board 



Socket, 40-pin DIP (two) 

.98 


Socket, 24-pin DIP (two) 

.66 


Socket, 8-pin DIP (two) 

.32 


Heat sink, TQ-220 style 

.25 

* Available from author 



40 73 for Radio Amateurs • March, 1985 










S5 Sfl 87 S8 Hang Tim* 

0 0 0 0 0.0 sec. 

0 0 0 1 0.5 

0 0 10 1.0 

0011 1.5 

0 1 0 0 2.0 

0 10 1 2.5 

0 110 3.0 

0 111 3.5 

1 0 0 0 4.0 

10 0 1 4.5 

10 10 5.0 

10 11 5.5 

1 1 0 0 6.0 

110 1 6.5 

1110 7.0 

1111 7.5 

Fig. 4 Hang-time switch set¬ 
tings. 

time out a warning message 
will be sent by the voice syn¬ 
thesizer: Time out is near. At 
two seconds before time 
out, a second, final warning 
will be given: Over and out! 
The PTT output will then be 
deactivated until either the 
COR line is released and 


brought low again or the ID 
cycle is completed, at which 
time a voice ID message will 
be given and the PTT output 
deactivated again. 

Holding the COR line low 
past time out will keep the 
transmitter off, but auto¬ 
matic ID with PTT activa¬ 
tion will still occur at the 
end of every succeeding ID 
interval. If the synthesizer is 
speaking when the ID mes¬ 
sage is due, the ID message 
will immediately follow. 

Messages 

Although the word list 
seems at first glance to be 
somewhat limited, a little 
applied ingenuity can work 
wonders. For example, a 
sound-alike to the word "re¬ 
peater" can be made by 
splicing the word "meter" 
(hex 6A) onto the utterance 
"re-" (hex 7E) to form "re- 
meter." The difference is 
hardly noticeable on the air, 
especially if your users' 
minds are listening for the 
word "repeater "! 


When we wanted to put in 
the phrase "high over East 
Tennessee," we used two 
splices. "East" was made up 
of the letter "E" spliced with 
the sound "SS" (hex 81). 
"Tennessee" was formed 
with "ten," "SS," and "C." 
Sneaky, huh? 

Also, don't forget that 
many words can serve dou¬ 
ble duty such as "weight" 
and "wait," "one" and 
"won," "hour" and "our," 
"C" and "sea," "I" and 
"eye," etc. I am sure you can 
come up with many more. 

Software 

I thought long and hard 
about publishing the soft¬ 
ware I used, but decided not 
to do it Since messages and 
times must be customized 
for each repeater owner's 
wishes, various addresses, 
pointers, and constants 
must be precisely pro¬ 
grammed. How to deter¬ 
mine them would be beyond 
the scope of this article. I 
will, however, furnish pre¬ 


programmed and custom¬ 
ized microprocessors for a 
modest sum 

A version of software is 
also available for ID-only 
operation with no timers ex¬ 
cept those needed for iden¬ 
tifier operation. 

Conclusion 

Voice synthesizers are be¬ 
coming increasingly popular 
on repeaters across the 
country. This circuit pro¬ 
vides an inexpensive way to 
add voice to your repeater, 
to demonstrate the claim 
that your repeater is "micro¬ 
processor controlled," and 
to eliminate those old and 
sometimes unreliable 555 
timer circuits. For those who 
are interested. PC boards 
and microprocessors are 
available from the author. 

I would like to thank Sam 
Kirby WB4HAP for building 
the prototype of this circuit 
and offering his repeater as 
the proving ground for its 
operation. ■ 
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APARTMENTS 
MOTELS 
VACATIONS 


Quick Simple Installation. Operates on 2,6.10.15,20.30 
and 40 meters. All coils supplied. Only 22-1/2 inches long 
Weighs less than 2 lbs. Supplied with 10 ft. RG 58 coax 
and counter poise Whip extends to 57 inches Handles 
up to 300 watts. 

VSWR—1.1:1 when tuned 
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BARKER & WILLIAMSON 
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So Why Do They 
Call It Wireless? 

One easy antenna. Five hot bands. Need we say more? 


T he centerfed multiband 
antenna—a favorite with 
amateurs in the 30s, 40s, and 
50s—is enjoying a rebirth in 
the 80s, The need for fre¬ 
quency versatility (given to¬ 
day's crowded band condi¬ 
tions, especially on 80 and 
40 meters) and a modern, 
simpler design approach 
to antenna couplers have 
been the two predominant 
factors responsible for the 
renewed popularity of this 
antenna. 

It is unfortunate, how¬ 
ever, that most technical lit¬ 
erature on this antenna is 


outdated Few amateurs to¬ 
day, for example, couple 
their balanced-line antennas 
inductively to the transmit¬ 
ter tank coil or use antenna¬ 
matching systems that re¬ 
quire changing coils or cou¬ 
pling configurations when 
changing bands. In addition, 
many of the suppliers of 
open-wire feedline cited in 
past literature are no longer 
in business. Therefore, I 
have attempted to share in 
this article a modem design 
approach to the centerfed 
multiband antenna which I 
have gleaned from a review 



Fig. 1. Full-size version of the centerfed multiband antenna, 
cut for the lowest band of operation. 
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of literature, catalog in¬ 
quiries, experimentation, 
and discussions with other 
amateurs. 

Antenna Design 
and Characteristics 

Traditionally, the center- 
fed multiband antenna is 
cut at 1/2 wavelength for the 
lowest desired band. Opera¬ 
tion on all higher bands thus 
will be on multiples of 1/2 
wavelength. For example, an 
antenna cut for 1/2 wave 
length on 80 meters will ap¬ 


pear as 1 wavelength on 40 
meters, 2 wavelengths on 20 
meters, 3 wavelengths on 15 
meters, and 4 wavelengths 
on 10 meters. Cutting for 1/2 
wavelength at the lowest 
operating frequency has be¬ 
come accepted practice be¬ 
cause the voltage and cur¬ 
rent distribution, and hence 
the impedance and radia¬ 
tion patterns, are more easi¬ 
ly predicted at multiples of 
a half wavelength. See Fig. 1 
for construction practices 
and Fig. 2 for radiation pat- 


8 




Fig 2. Characteristics of the antenna. 






Fig. 3. A T-network with a 4:1 toroidal balun for use in cou¬ 
pling modern transceivers to balanced feedlines. 


terns and gain characteris¬ 
tics of this antenna for the 
80-10-meter amateur 
bands. 12 

In limited-space situa¬ 
tions where it is not feasible 
to erect a full 1/2-wave- 
length antenna, the antenna 
can be shortened and still be 
effective as long as the total 
length of half the antenna 
plus one feeder wire add up 
to at least 1/4 wavelength at 
the lowest frequency.’ In 
the case of a shortened an¬ 
tenna, a field-strength meter 
can be used to obtain an ap¬ 
proximation of the radiation 
pattern The impedance, of 
course, need not be calcu¬ 
lated as long as the antenna¬ 
coupling network presents a 
satisfactory (resistive) load 
to the transmitter 

Turning to the subject of 
balanced feedlines for this 
antenna, there are two pop¬ 
ular alternatives. One is to 
use open-wire line, the other 
is to use plastic-jacketed 
twinlead cable. Open-wire 
line is just that—two paral¬ 
lel exposed wires held apart 
by ceramic or plastic spac¬ 
ers. It is available in 300- and 
450-Ohm impedances 

Four current suppliers of 
open-wire line are: Radiokit, 
Box 411, Greenville, New 
Hampshire; Kilo-tec, Box 
1001, Oak View, California; 
Madison Electronics, 1508 
McKinney, Houston, Texas; 
and Texas Towers, 1108 
Summit Avenue, Suite 4, 
Plano, Texas 4 Plastic-jack¬ 
eted television twinlead is 
readily available in almost 
all electronics stores and is 
generally acceptable for 
transmitters with outputs of 
250 Watts or less. Belden 
makes a heavier-duty twin- 
lead specifically for trans¬ 
mission purposes which is 
rated at 1 kW. Their product 


number for this twinlead is 
8235. 

The decision to employ 
open-wire line or twinlead 
should be made after con¬ 
sidering the relative advan¬ 
tages and disadvantages of 
each. Open-wire line has the 
lowest loss but is less rugged 
and more difficult to sup¬ 
port than twinlead. In addi¬ 
tion, since the wires are not 
insulated, care should be 
taken not to route open-wire 
line where people could in¬ 
advertently come in contact 
with it. Twinlead, on the 
other hand, has greater loss, 
especially when wet. It is 
easier to route, however, as 
high-quality, TV-type stand¬ 
offs can be used. Also, the 
heavy-duty twinlead is ex¬ 
ceptionally rugged. (I have 
used the same heavy-duty 
twinlead at my Michigan 
QTH for ten years, where it 
has been exposed to ice, 
high winds, and low temper¬ 
atures.) 

The Antenna- 
Coupling Network 

Prior to about 1970, most 
amateurs either coupled 
their transmitters to bal¬ 
anced lines through pi-net¬ 
work output stages and air- 
wound coil baluns or used 
various switchable series 
and parallel antenna-cou¬ 
pling networks. Today, with 
the advent of solid-state 
transceivers which require a 
nominal 50-Ohm resistive 
load for the antenna, an ex¬ 
ternal antenna-coupling net¬ 
work is necessary to couple 
to 300- or 450-Ohm bal¬ 
anced lines. 

The matching network al¬ 
most universally used today 
is the T-match with a 4:1 
toroidal balun. (It was large¬ 
ly the availability of the 
compact toroidal balun, 
which can easily be enclosed 



Fig 4. An L-network coupler for use with balanced feeders. 


in the antenna-coupler 
chassis box, that led to the 
wide acceptance of this de¬ 
sign by amateurs.) An experi¬ 
mental T-network coupler 
that I assembled from sur¬ 
plus parts is shown in Fig. 3. 5 
Various modifications of 
this design are used in most 
kit or assembled "antenna 
tuners." (The term "antenna 
tuner" was not used in this 
article as it is actually a mis¬ 
nomer. A more accurate 
term for this device would 
be an "antenna-coupling 
network," since its primary 
purpose is to couple or 
match the line/antenna to 
the nominal 50-Ohm load re¬ 
quirements of the trans¬ 
ceiver.) 

To use the T-network cou¬ 
pler, first set both variable 
capacitors to a half-open 
position. Then, using low 
transmit power (5 or 10 Watts 
in the "tune" position), tap 
the inductor a winding at a 
time until a dip in swr is indi¬ 
cated. After the proper coil 
winding is tapped, alternate¬ 
ly adjust the two capacitors 
for the lowest swr. If the swr 
is less than 1.5:1, apply full 
power to the coupler since 
the tuning process is now 
complete. 

An Alternate 
Coupling Network 

The reversible L-network, 
with the addition of a 4:1 
toroidal balun, can also be 
used to match 300- or 450- 
Ohm balanced lines. The 
L-network requires only one 
variable capacitor, unlike 
the T-network which re¬ 
quires two. The trade-off in 
using the L-network over the 
T-network is that the Q of 
the L-network is less uniform 
over the coupling range. 
This presents little problem, 
however, if harmonic atten¬ 
uation of the transmitter is 
sufficient (Transmitters and 


transceivers marketed in 
1979 or later generally have 
sufficient harmonic attenua¬ 
tion, as federal law mandat¬ 
ed stricter emission and ra¬ 
diation standards about this 
time.) An experimental 
L-network that I built is 
shown in Fig. 4. 

To use the L-network, se¬ 
lect tap A for low imped¬ 
ances and tap B for high im¬ 
pedances. Next, select the 
coil tap that indicates mini¬ 
mum swr; then fine-tune the 
variable capacitor for the 
lowest swr. If the swr is less 
than 1.5:1, switch the trans¬ 
ceiver from tune to full pow¬ 
er since the tuning process is 
now complete. 

Antenna-Coupler 
Construction Practices 

For the amateur who has 
not constructed antenna¬ 
coupling units before, a few 
words about the subject are 
in order. 

First of all, it might be 
helpful to know that com¬ 
plete information on wind¬ 
ing toroidal baluns (along 
with a list of parts suppliers) 
can be found in almost any 
late edition of the ARRL 
handbook. 6 The appropriate 
section of the book will 
be listed in the index under 
"baluns." 

To construct the air- 
wound coils required by the 
two antenna couplers, it is 
important to know the re¬ 
quired coil radius, the coil 
length, and the number of 
coil turns for a given induc¬ 
tance. A formula to approxi¬ 
mate the inductance of air- 
core coils is: 

L = aW/(9a + 10b) 
where L = inductance in mi- 
crohenrys, a = coil radius in 
inches, b = coil length in 
inches, and n = number of 
turns. 7 

Regarding the selection 
variable capacitors for 
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the T- and L-networks, I 
found that the common air- 
dielectric variable capaci¬ 
tors used in older broadcast- 
band superhets work well in 
antenna couplers if the 
transmitter power output is 
less than 50 Watts. For high¬ 
er-power transmitting appli¬ 
cations, air variables with 
wider plate spacings are 
needed. These transmitter- 
type variables usually can 
be found at hamfests or can 
be purchased from larger 
amateur-radio supply 
houses. 

A formula that can be 
used to calculate the capac¬ 
itance of an unknown vari¬ 
able capacitor is: 

C = ,224KA/d X (n-1) 
where C = capacitance in 
pF, K = dielectric constant 
of material between plates 
(use 1.0 for air), A = area of 
one side of one plate in 
square inches, d = separa¬ 
tion of plate surfaces in 
inches, and n = number of 
plates. 7 

Breakdown ratings for 


common air-gap variable ca¬ 
pacitors can be easily calcu¬ 
lated, since the breakdown 
voltage for air-dielectric ca¬ 
pacitors is given as from 
19.8 to 22.8 volts per mil 
(.001 inch) 8 This information 
is obviously useful when 
tube-type linears are used 
ahead of the antenna 
tuner. ■ 

References 

I.Sentz, Robert E., Modern 
Communications Electronics, 
San Francisco, Rinehart Press, 
1971, Chapter 8. 

2. The ARRL Antenna Book, Thir¬ 
teenth Edition, American Radio 
Relay League, 1977, Chapter 2. 

3. Understanding Amateur Ra¬ 
dio, Second Edition, American 
Radio Relay League, 1976, Chap¬ 
ter 15. 

4. Welsh, Bill, "Novice," CO, 
March, 1983. 

5.Schultz, John, ‘‘Using a 
T-Network,” CO, May. 1968. 

6. The Radio Amateur's Hand¬ 
book, Fifty-third Edition, Ameri¬ 
can Radio Relay League, 1976. 
p. 581. 

7. Ibid., p. 26. 

8. Ibid., p. 24. 


WORK THE U.H.F. BANDS 



l(»W,.ulp,n MMt.432-100 I0W input »».!» 


D8-2M 
1296-LY 
10XY-2M 
70cm/MBM 48 
70cm7MBM 88 



$63.40 

$47.95 

*69.95 

*59.95 

$89.95 


Low-pass filler" 
Varactor triplet 


Send 40c stamps for full details 
of our VHF/UHF items. 

lers Pre-amplifiers Antennas 


Spectrum International, Inc. 
Post Office Boa I084S 
Concord, Mass. 01742 USA 



46 73 for Radio Amateurs • March, 1985 








lohn Abbott K6YB 
PO Box 66 
Newhall CA 91322 


Cheap Heath Help 

Is your HW-101's offset off? Try this four-dollar fix. 
Without it, you're being cheated out of QSOs. 


T he original HW-100 trans¬ 
ceiver (Photo A) and its 
cousin, the HW-101, both 
use a 1-kHz "transmit offset" 
for CW operation. This of 
course means that you will 
transmit on the same fre¬ 
quency (zero beat) as the 
CW station you are receiv¬ 
ing only if you tune the trans¬ 
ceiver so as to hear the in¬ 
coming station with a 1-kHz 


audio CW note or "offset." 
as shown in Fig. 1. However, 
CW operation is generally 
carried on with a receiver 
bandpass of 750 Hz or less, 
which is one of the reasons 
you can enjoy less QRM and 
QRN on CW than on SSB. 

However, if you tune your 
receiver so as to hear a tone 
of less than 1 kHz, you may 
transmit outside the re¬ 


ceiver bandpass of most sta¬ 
tions that you call, since you 
will be transmitting 1 kHz 
above where you are listen¬ 
ing. Thus, if you add an exter¬ 
nal audio CW filter to your 
transceiver so that you listen 
to incoming CW signals at 
approximately 500 Hz, then 
with a 1-kHz offset you will 
transmit 500 Hz higher in 
frequency than the station 
you are receiving, as shown 
in Fig. 2. If this station is also 


Fig. 1. Two CW stations both 
using a 1-kHz transmit offset 
with transmitters T1 and T2 
zero beat in frequency. There 
is no difficulty in communi¬ 
cation unless one station re¬ 
duces his received band¬ 
width to less than 1 kHz us¬ 
ing an audio CW filter. 


using a 1-kHz offset, he will 
be trying to receive you at 
1.5 kHz, which may be far 
outside his audio bandpass 
if he is using a 750-Hz band¬ 
pass CW filter for receiving. 
The result will be very few 
QSOs! 

Reducing the 
Transmit Offset 

The solution to this prob- 



Fig. 2. Two CW stations, both 
using a 1-kHz transmit offset 
but with station #2 listening 
to a 500-Hz tone which places 
his transmit frequency so 
that station #7 must listen to 
a 1500-Hz tone. If station #7 
is using a 750-Hz bandpass 
audio filter, he may not hear 
station #2. 



Photo A. The HW-100 with added Swan dial and audio-re¬ 
sponse control on the upper right. The small toggle switch on 
the lower right controls an external antenna relay. 

48 73 for Radio Amateurs • March, 1985 





lem is to change the CW 
transmit offset from 1 kHz 
to 500 Hz. I did this very 
cheaply and easily by insert¬ 
ing a 47-pF capacitor (Radio 
Shack #272-121) between the 
front-panel Mode switch 
and CW transmit crystal Y3 
on the modulator circuit 
board next to V16, as shown 
in Photo B I did this by re¬ 
moving the wire to Y3 from 
the Mode switch and by 
soldering one lead of the 
47-pF capacitor to the Mode 
switch where the wire to Y3 
was formerly located, using 
a short spaghetti-covered 
lead. I then soldered the 
wire from Y3 to the other 
shortened lead of the capac¬ 
itor and covered the joint 
with spaghetti. Fig. 3 illus¬ 
trates the circuit change sche¬ 
matically. 

What I did with this modi¬ 
fication was to retune Y3 up¬ 
ward 500 Hz, from 3395.4 
kHz to 3395.9 kHz. The trans¬ 
mit offset is the difference 
between the frequency of 
USB crystal Y1 used for re¬ 
ceiving on CW at 3396.4 kHz 
and the frequency of Y3 
which is now 3395.9 kHz, or 
500 Hz. After this simple 


4 


Photo B. The location of the 47-pF capacitor between point 
“22" on the circuit board near Y3 and the Mode switch. 


modification, I had much 
better luck raising another 
CW station. Also, I could 
now go ahead and use a 750- 
Hz audio bandpass filter for 
improved CW reception 
without any problem. 

Additional Modification 

An additional modifica¬ 
tion that I made was to 
change the frequency of the 
1-kHz tone oscillator used 
for CW monitoring and VOX 
keying to 500 Hz. This modi¬ 
fication is a little more diffi¬ 
cult I had to remove the 
PEC (printed electronic cir¬ 
cuit) board (Heath #84-22) 
on the audio circuit board 
near VI5 and replace it with 
a homemade PEC. I obtained 
a printed-circuit experiment¬ 
ers' board (Radio Shack 
#276-158) and cut a piece of 


it to the same size as the 
original PEC. I also obtained 
five 0.001-uF capacitors 
(Radio Shack #272-126) and 
four 470,000-0hm, ’/4-Watt 
resistors (Radio Shack 
#271-1354). I mounted them 
as shown in Fig. 4 on the 
small board, being careful 
to locate the three pigtails in 
the same location as the old 
PEC pigtails. I then replaced 
the old PEC with the new 
one shown in Photo C. Note 
that VI5 is removed so you 
can see the board clearly. 

What I did with this modi¬ 
fication, shown schemati¬ 
cally in Fig. 5, was to retune 
the frequency of the audio 
phase-shift oscillator. VI5A, 


from 1 kHz to approximate¬ 
ly 500 Hz so that now when I 
transmit on CW, the monitor 
tone I hear is at approxi¬ 
mately the same frequency 
as the CW station I am lis¬ 
tening to. This helps me to 
make sure that I am trans¬ 
mitting at the correct fre¬ 
quency, so I can be zero 
beat with the received CW 
signal. 

Results 

The total cost of these 
two modifications was ap¬ 
proximately $3.90, exclud¬ 
ing sales tax. The CW oper¬ 
ating benefit, as far as an¬ 
swers to my calls, has been 
greater than adding a kW 
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Fig. 4. Homemade PEC. 
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W2NSD/1 
NEVER SAY DIE 

editorial by Wayne Green 


itors. Give ’em 
it’s like. 

Clubs—please make 


project out of this. Organize 
visitors to club-member ham 
taste of what shacks or even set up demon¬ 
stration stations in malls, but 
set them up so the visitors will 


be able to talk over the stations 
and others around will be able 
to hear what is going on. 

March 24th is D-Day—ham 
Demonstration Day. Let’s get 
every ham we can on every 
band to demonstrate amateur 
radio and to talk with visitors to 
ham shacks. 


The Winter Consumer Elec¬ 
tronics Show in Las Vegas 
drew nearly 100,000 attendees 
again—mostly hi-fi and elec¬ 


tronics dealers from all over the 
country. And again virtually all 
of the products were from Asia. 
The new and exciting products, 
almost without exception, were 
from Japan. The biggest hits of 
the show were the new com¬ 
pact discs and players. They 
were the fad of this season— 
just as low-end computers were 
the fad a year ago, video games 
the year before, and hand-held 
electronic games the year be¬ 
fore. 

Someone asked me why 
there were virtually no Ameri- 
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can-made products at the 
show. I explained that Japan 
has left our country In the dust 
In electronics. They’re graduat¬ 
ing more engineers than we are 
and their best and brightest are 
going Into creating new con¬ 
sumer electronics products. 
Engineers we've developed in 
the US—and the number hasn't 
grown in over twenty years de¬ 
spite the incredible growth in 
electronics—are going into mil¬ 
itary electronics, where the un¬ 
limited money is. Japan has no 
military projects, so their top 
people are working on con¬ 
sumer electronics. 

So I wandered around the 
show looking over the latest 
stuff from Hitachi, Mitsubishi, 
Panasonic, Toshiba, Casio, 
Seiko, Epson, NEC, Sansui, 
Nakamichi, Kyocera, Quasar, 
JVC, Sony, and so on. The good 
old American brands such as 
RCA and GE were Japanese- 
made, too. 

The way to change this, If it 
isn't already too late, is to get 
kids interested in hamming so 
they'll be attracted to high-tech 
careers later on. In that way 
we’ll eventually have some en¬ 
gineers, technicians, and sci¬ 
entists. You can bet that there 
isn't a single kid in Japan who 
isn’t familiar with amateur ra¬ 
dio. Every high school has a 
ham club—many with hun¬ 
dreds of members. Perhaps we 
can get started with D-Day— 
ham Demonstration Day—and 
begin to get the word out. 

We have about 100,000 hams 
in America who are reasonably 
active—who have stations 
which might help demonstrate 
our hobby. If every active ham 
were to show just five friends 
and neighbors how amateur ra¬ 
dio works, we’d have a half mil¬ 


lion Americans acquainted with 
our hobby. That's a start. 

Japan, with over a half mil¬ 
lion active hams and nearly 1.4 
million licenses issued, will still 
be way ahead of us—and with 
only half our population! But if 
this idea works, perhaps we 
can gear up and do this two or 
three times a year and gradu¬ 
ally get the word around. It sure 
would be nice if every American 
had an understanding of our 
hobby and realized that he/she 
could join in the fun if he/she 
wanted. 

For those hams who haven't 
read the rules, there are certain 
restrictions against visitors 
talking over your station. A 
friend can talk to hams In any 
country that the US has a third- 
party agreement with. 

I'll be on twenty looking to 
talk with your visitors on D-Day, 
so look for me. 

Writing about CES, my main 
reason for getting to the show 
Involved my new Digital Audio 
magazine—about the compact 
discs. I've managed again to be 
in the right place at the right 
time with a new magazine- 
just as I was with Byte when 
the microcomputer revolution 
got started. Our address is 
WGE Center, Peterborough NH 
03458. 

Digital Audio is particular fun 
for me because I’ve been a hi-fi 
hobbyist for almost as long as 
I've been into hamming. And 
back in the early 50s, when LPs 
and hi-fi really got started, I 
was a major manufacturer of 
speaker enclosures. Larry Le- 
Kashman, who'd been an editor 
of CQ before me, was the driv¬ 
ing force at Electro-Voice. The 
electronics industry was 
smaller then, with radio and au¬ 
dio as its main components. 


But In addition to the excite¬ 
ment of compact discs for lis¬ 
tening—and by the way, once 
you hear one you'll have a terri¬ 
ble time not buying a player— 
their potential for computer ap¬ 
plications is awesome. One 
4-3/4" disc can hold around 600 
megabytes of data. That's 
about 300,000 pages. Indeed, 
about twenty of these discs 
could hold the name, address, 
and phone number of every per¬ 
son in the world with a phone. 

What few hams we have left 
in our hobby seemed to be at 
CES and many of them stopped 
by the Digital Audio booth to 
say hello. My thanks! 

Okay, so where do compact 
discs fit Into amateur radio? It's 
really too early to tell yet, but 
one good possibility might be 
to combine sound and pictures 
on a disc and thus be able to 
have everything needed to 
teach our license classes on a 
single disc. Several firms are al¬ 
ready mixing pictures with 
sound and/or data on these 
laser discs. 

A world Caiibook on disc 
would be duck soup, making it 
possible for us to search for 
anyone by name, call, location, 
and possibly other parameters 
such as special interests like 
satellite communications, 
packet radio, repeaters, RTTY, 
and so on. An index to every 
ham article ever published 
along with reprints of every¬ 
thing published in the last few 
years might take a couple 
discs. 


DAYTON 

Since amateur radio has 
gone from bad to worse in the 
last year—as I predicted, unfor¬ 
tunately—I'd decided it might 


be best If I skipped haranguing 
everyone at Dayton again this 
year. The role of being the 
bearer of bad news isn't my 
forte. I much prefer to be up¬ 
beat. If I do have bad news, I at 
least want to have some good 
positive suggestions for solv¬ 
ing the problems. But I honestly 
don't see any real salvation for 
our hobby—unless this D-Day 
concept takes hold and we 
start getting newcomers inter¬ 
ested. So, lacking any positive 
ideas, I decided that the need 
for another nagging session 
wasn’t there, so I should skip 
my yearly talk. 

Jack Burnett suggested that, 
well, if I didn't want to talk 
about amateur radio, perhaps I 
would just talk about what 
Wayne Green is doing these 
days. I don’t know why that 
would be of interest, but I’m 
game—so I agreed. I'll bring 
some slides so you can see the 
new WGE headquarters, the 
Green Publishing Institute, the 
new magazines I've started, 
and so on. No one will come, I 
know. 

After being one of the more 
unknown people in the world— 
at least outside of amateur ra¬ 
dio—I've been enjoying the re¬ 
cent publicity I've gotten. The 
February issue of Folio, the 
publishing magazine, had a 
nice article on me. And the Feb¬ 
ruary issue of Venture likewise. 
Venture is a great magazine, by 
the way, and I'd say that even if 
they didn’t do a Wayne Green 
article. There are some more In 
the works and who knows, all 
this PR may eventually con¬ 
vince one of the consumer 
magazines to do a bit on me. 

So, get your station cranked 
up for D-Day—and look for me 
at Dayton, okay? 


llcition mo/ter 

1 IhorU 1 

1 — 800-448-9338 


HAM RADIO LOG PROGRAM 

FOR THE TRS80 COLOR (32K) 

COMPUTER W/ DISK DRIVE(S) • 

• OVER 1200 FILES PER DISK ! ! 

• 11 FIELDS PER RECORD 

• SEARCH BY DATE. CALL or PREFIX 

• FULL EDIT/UPDATE FEATURES 

• SCREEN OR PRINTER OPTION 

• FULLY MENU DRIVEN 

• COMPLETE ON DISK W/MANUAL 

Introducing .-39? 

REPEATA-MATE RM-1 

Create Your Own Repeater For 
Special Events or Emergencies. 

Two Mobile Rigs Plus an RM-1 
makes a Super, Fast Repeater. 

$44.50 

(plus S3. SO shpg.t 

JL. ] RM-1 

IBB 

INTRODUCTORY PRICE $14.95* 

Snobird Software 

PO. BOX 1047 STN.A KELOWNA, B.C. 
•US -CANADA - V1T7P7 

pi— - 1 -* CqI— 3cr 

■■HI To Order or For More 

i . ation Call< W W 

Log Program w/o OXCC/WAS DATABASE. ... $29.00 
OXCC/WAS DATABASE Program only..$19.00 

(Shipping add $2.00 - Ra residents 4% tax) 

dmtaLOG SOFTWARE • P O Box 10531 

Jacksonville, FL 32247 • (904) 399-7933 
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VOICE OPERATED j 


lETH DTMF DECODFR ESHM 

f~ COMPUTER’ 


T TRADER -aa 

MAGAZINE 

I ★ ★ ★ LIMITED TIME OFFER I* ★ I* 1 

BAKER’S DOZEN SPECIAL! 1 

I $12.00 for 13 Issues 1 

| Regular Subscription $15.00 Year 1 

1 Foreign Subscription: $55.00 (air mail) 1 

1 $35.00 (surface) 1 

I Articles on MOST Home Computers, 1 

I HAM Radio, hardware & software reviews, 1 
I programs, computer languages and construe- 1 

1 Classified Ads for Computer & Ham Radio Equipment 1 

FREE CLASSIFIED ADS j 

for subscribers 1 

Excellent Display and Classified Ad Rates 1 

| Full National Coverage 1 

CHET LAMBERT, W4WDR 1 

1704 Sam Drive • Birmingham, AL 35235 1 

(205) 854-0271 1 
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1 Sample Copy $2.50 | 
















































































































































THE HIDDEN SIGNALS ON SATELLITE TV 

"THE SECRET SIGNALS ON THE BIRDS” 


TUNE THE 

Hidden Signals 

ON SATELLITE TV 


A Technical Book covering the Reception of: 


i stereo Subcarriers 
I Telephone Channels 
I world News Services 
I Audio Subcarriers 

■ Teleprinter News — Press 

■ commodity News Services 

■ Radio Channels — Networks 


■ Stock Market Reports 
I Teletext (VBi) 

I All Single Channel Per Carrier 
Services ISCPO 

■ Multiplex Data Channels 
Plus Marry other "Hidden 
Services" 


NEW 'SECRET SIGNALS” BOOK 

A complete work covering the Hidden Services, the systems, the equipment, 
how these services are used, how these services can be utilized, what they 
mean to our field. This book for information use only. Not to be used for the 
reception of unauthorized signals or pay services. 


a and MasterCard welcome 


$14.95 


plus S1.75 for shipping & handling. 
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OIMTESTS 


Robert Baker WB2GFE 
15 Windsor Dr. 

Atco NJ 08004 

VIRGINIA QSO PARTY 
Starts: 1800 UTC March 9 
Ends: 0200 UTC March 11 


laques to the top-scoring 
s following categories: VA 
or (fixed location): VA CW 


add 500 bonus points 


county to qualify. 
AWARDS: 



EXCHANGE: 

QSO number starting with 001 ar 
consisting of state, province, DX cou 

erence for valid counties is the CQ 
ties Award Record Book." which 


WISCONSIN QSO PARTY 
Starts: 1800 UTC March 10 
Ends: 0100 UTC March 11 


:te county changes in log an 


e postmarked by April 1! 


FREQUENCIES: 
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to avoid disqualification. Submit a cross¬ 
check sheet (similar to ARRL form CD-77) 
for each band and mode with over 50 con- 


certificates will go to the highest-scoring 
stations in the following categories: Ten- 
I UENCIES: nessee phone-only, Tennessee CW-only, 

f—1815 kHz and about 50 kHz from Tennessee Novice/Technician, each 
ottom of the other HF CW bands; state, Canada, DX entry, out-of-state Nov- 
i—1860, 3980, 7280, 14280, 21380, ice/Technician. 


RIO CW OX PARTY 
Starts: 1500 UTC March 30 
Ends: 1500 UTC March 31 













































































contact AMSAT at PO Box 27, Washington DC 20044. 


MOVING? 


ORBIT 


AMSAT-OSCAR 10 APOGEE PREDICTIONS 
MARCH 1985 

WASH KANSAS CALIF 

DAY TIME AZ EL AZ EL AZ EL 


SUBSCRIPTION 

PROBLEM? 

Get help with your subscription by 
calling our new toll free number: 

1-800-645-9559* 

between 9 a.m. and 5 p.m. EST, 
Monday-Friday. 

If possible, please have your mailing label 
in front of you as well as your cancelled 
check or credit card statement if you are 
having problems with payment. 

If moving, please give both your 
old address and new address. 

* New York State residents call 1-800-732-9119. 


1293 2 

1 295 3 

1297 4 

1299 5 

1301 6 

1303 7 

1305 8 

1307 9 

1309 10 

1311 11 

1315 13 

1317 14 

1318 14 

1319 15 

1320 15 

1321 16 

1322 16 

1324 17 

1326 18 

1328 19 

1330 20 

1332 21 

1334 22 

1336 23 

1338 24 

1340 25 

1344 27 

1346 28 

1348 29 

1350 30 

1352 31 


2000 255 17 

2000 249 18 

1900 241 28 

1800 230 37 

1800 222 37 

1700 208 44 

1600 190 49 

1600 181 46 

1500 163 46 

1400 145 43 

1300 130 37 

1300 127 31 

1200 116 24 

1100 106 16 

2300 





2100 


2000 264 3 

2000 258 5 

1900 251 15 

1800 243 24 

1800 236 26 

1700 226 34 

1600 213 41 

1600 204 40 

1500 187 44 

1400 169 46 

1400 162 41 

1300 146 38 

1200 132 33 

1100 120 26 


241 30 20 

233 31 19 

221 40 18 

206 46 16 

197 45 15 

179 48 13 

160 47 12 

154 42 12 

138 38 1 1 

124 32 10 

113 24 9 

112 18 

102 10 

94 2 

26 


259 8 23 

252 17 22 

245 19 21 

236 28 2C 

225 37 18 

217 37 17 

203 43 16 

185 47 14 

177 43 13 

159 43 12 

143 39 11 

139 34 11 

126 28 1C 

115 20 1 

106 12 





















AM HELP 


INTERNATIONAL RADIO, INC. 

1532 SE Village Green Drive 
v,'t .o-^M Suite “L” 

J ^ J Port St. Lucie, FL 33452 
(305) 335-5545 


TOP SECRET 


i*JMQMTORiyG TIMES 

...the BEST communications news source." (T. Harbough) 


TEST EQUIPMENT 

RE-CONDITIONED AND 
LAB CALIBRATED 

HP606A SIGNAL GENERATOR 50 KHZ TO 65 MHZ 0 1 
MV TO 3V INTO 50 OHMS. 400/1000 HZ MODULA¬ 
TION. CRYSTAL CALIBRATOR.S375.0C 

HP608C SIGNAL GENERATOR 10 MHZ TO 480 MHZ 
0.1 MV TO IV INTO 50 OHMS, AM/CW OR PULSE 
MODULATION. CALIBRATED ATTENUATOR . 345.0C 
HP614A SIGNAL GENERATOR 900 TO 2100 MHZ 0.5 
MV TO IV INTO 50 OHMS. INTERNAL OR EXTERNAL 
PULSE OR FM MODULATION CALIBRATED 

OUTPUT.345.00 

HP618B SIGNAL GENERATOR 3.8 GHZ TO 7.6 GHZ 
0.1 MW TO .1 V INTO 50 OHMS. CALIBRATED OUT- 
PUT, INTERNAL OR EXTERNAL PULSE OR FM MODU- 
LATION AND SQUARE WAVE MODULATION .375.00 
URM-Z5 SIGNAL GENERATOR 10 KHZ TO 50 MHZ. 
AM/CW MODULATION. 400 & 1 KHZ. RF OUTPUT 0-2 
V OR 0-1 V PRECISION 50 OHM STOP ATTENUATOR. 

SMALL PORTABLE UNIT .245.00 

URM-Z6 SIGNAL GENERATOR 4 MHZ to 405 MHZ 
CALIBRATED OUTPUT 0 TO 2 V, MODULATION 
400/1000 HZ, CALIBRATED OUTPUT ATTENUATOR. 

SMALL COMPACT SIZE.245.00 

TS-510A/U SIGNAL GENERATOR 10 MHZ to 420 MHZ, 
AM/CW OR PULSE EMISSION OUTPUT VOLTAGE 0 TO 
5 V CALIBRATED OUTPUT ATTENUATOR, 400/1000 
HZ MODULATION MILITARY MODEL OF HP608D 
295.00 

TS-418/URM-49 SIGNAL GENERATOR. 400 MHZ TO 
1000 MHZ AM, CW OR PULSE. CALIBRATED OUTPUT 
AND ATTENUATOR POWER RANGE 0 TO -120 

DBM. 195.00 

TS-419/URM-64 SIGNAL GENERATOR 900 THRU 2100 
MHZ, AM, CW OR PULSE EMISSION CALIBRATED 

OUTPUT AND ATTENUATOR.195 00 

TS-497/URR SIGNAL GENERATOR 2 MHZ THRU 400 
MHZ. CALIBRATED OUTPUT 1 TO 1 V INTO 50 OHMS 
400/1000 HZ MODULATION. AM/CW MILITARY VER¬ 
SION OF MEASURMENTS MODEL 80 .185.00 

SG-66/ARM-5 SIGNAL GENERATOR USED FOR AIR¬ 
CRAFT VOROMNI RADIO REPAIR, RANGE 108 MHZ 
THRU 132 MHZ, MILITARY VERSION ARC H-14285.00 
SG-1/ARN SIGNAL GENERATOR WITH PP-348 POWER 
SUPPLY 88 MHZ TO 140 MHZ, CALIBRATED OUTPUT 
.1 MV to 1 V. MILITARY VERSION OF BOONTON 

211A.195.00 

SG-Z/ARN AIRCRAFT GLIDE-SLOPE SIGNAL GENER¬ 
ATOR 329.3 TO 335 MHZ IF FREQ 15 to 30 MHZ. 
METERED OUTPUT .1 V to 2 V MODULATIONS VARI¬ 
ABLE 0-100% 90 to 150 HZ. SAME AS BOONTON 232A 
245.00 

WE ACCEPT VISA M/C OR CHECK. ADD SHIPPING. WE 
SHIP BEST WAY. SATISFACTION GUARANTEED, 
IMMEDIATE SHIPMENT PHONE BILL SLEP 
























EW PRODUCTS 


COMPUTERWARE 
INTRODUCES INVENTORY 
SYSTEM 



the right inventory when you need it to ett/Charles Marketing Services, Inc., 6101 
keep production flowing without tying up cherry Ave.. Fontana CA 92335; (800F443- 

P The new visibility provided will In- RADIO SCHOOL 

crease management’s decision-making TEST GUIDES 


tlon material, write Gordon West's Radio 
School, 2414 College Drive, Costa Mesa 
CA 92626; (7UFS49-S000. Reader Service 



Everett/Charles Marketing Services, 
Inc., is offering a new 500K-byte, 3V4* 
micro floppy disk drive. The model F353- 


messages. serial printer support, baud I limit the exposure of Innovative software 
mode change, expert-user mode, and full products. 

sages. A break-in mode allows the sysop Box 448, Bstlll Springs TN 37330. Reader 
to modify system parameters, set the Service number 483. 

program^ S ‘ a,l ° nS Wi,h ° U ' S '° PPinS "" ADTECH 

A special configuration program Is in- SWITCHING SUPPLIES 






































73 International 


Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign correspon¬ 
dents, we present the latest 
news in DX, contests, and events, 
as well as keep you abreast of 
the technical achievements of 
hams in other countries. 

If you would like to contribute 
to your country’s column, write 
to your country’s correspondent 
or to 73 Magazine, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Perry Donham KWIO. 





fit our hobby in the future. 


A HISTORY OF THE GOLDFIELDS 
AMATEUR RADIO GROUP 
(Western Australia) 

Originally known as the Kalgoorlie Re¬ 
peater Group, the Inaugural meeting was 
held on the 14th June, 1977, and the group 
was formed to maintain the previously es¬ 
tablished 2m repeater—VK6RAK—which 
was, and still is, located at the Hainault 
Gold Mine. The original office bearers 
were Lewis VK6ZGO, president, Doug 
VK60R, secretary, and Tony VK6BV, trea- 



VK6RKB Kambalda. The repeater Is In the “thunderbox." 
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Don’t Miss 
HAM-DAY ’85 
March 24th! 










































































































































































































lance along with low noise reception and a se 


„298 BILAL COMPANY 

W&T I S.R. 2, Box 62. Dept. 91 

Eucha, Ok 74342 PH; 918-253-4094 


here is the next generation Repeater 

MARK 4CR A 


The only repeaters and controllers 
with REAL SPEECH! 


No other repeaters or controllers match 
Mark 4 in capability and features. That’s 
why Mark 4 is the performance leader at 
amateur and commercial repeater sites 
around the world. Only Mark 4 gives you 
Message MasterTM real speech • voice 
readout of received signal strength, 
deviation, and frequency error • 4- 
channel receiver voting • clock time 
announcements and function control • 7- 
helical filter receiver • extensive phone 
patch functions. Unlike others, Mark 4 
even includes power supply and a 
handsome cabinet. 

Call or write for specifications on the 
repeater, controller, and receiver winners. 


I MICRO CONTROL SPECIALTIES 

Division of Kendecom Inc. 

23 Elm Park, Groveland, MA 01834 (617) 372-3442 


Create messages just by talking. Speak any phrases or 
words in any languages or dialect and your own voice 
is stored instantly in solid-state memory. Perfect for 
emergency warnings, club news bulletins, and DX 
alerts. Create unique ID and tail messages, and the 
ultimate in a real speech user mailbox — only with a 
Mark 4. 
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Q = Good, F = Fair, P = Poor. 


Your company name and message can 
contain up to 25 words for as little as >150 
yearly (prepaid), or >15 per month (pre¬ 
paid quarterly). No mention of mail¬ 
order business or area code permitted. 
Directory text and payment must reach us 
60 days in advance of publication. For ex¬ 
ample, advertising for the June '85 issue 
must be in our hands by April 1st. Mail to 
73 Magazine, Peterborough NH 03458. 
ATTN: Nancy Ciampa. 
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Dayton Directions—Photo col 
tesy of John Wood WA4BPI. 


4 Never Say Die 
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12 Dateline: Dayton 


It's almost here! Take an inside peek at the what, when, and where 
of ham radio's biggest bash of the year with 73 s annual Dayton 
Hamvention sneak preview. WA4BPI 

20 Hear, Hear! 

Stop settling for second-rate signals from OSCAR. You've really no 
excuse. W6IOJ's low-noise preamp is easy to build and includes all 
the circuits necessary for alignment. So do it!.W6IOJ 

24 Ishmod’s Journal 

What really happened on that lonely, uncharted rock? And what was 
the eerie glow?.Whipple 

26 Don the Dayton Hat-tenna 

Put a cap on your communications problems with a rubber duck that's 
heads above the rest.WB3CQA 

30 Zounds! Grounds! 

Here are the down-to-earth details you need to install a perfect ground 
system.K4IPV 

36 Build the Dixie Whistler 

Adding two-tone SSB analysis to your test repertoire is as easy as one, 
two. tweet.WB5IPM 

48 In Search Of: RTTY 

Experience the mysterious world of RTTY beyond the band edge, but 
beware! Its allure's too great for all but the stoutest of heart. 
.WA0MRG 

54 Take A Hike 

Combine a regulated power supply with a lightweight rechargeable 

battery. Add a smart control system. The result? Incredible versatility! 

. N3BEK 



















W2NSD/1 


NEVER SAY DIE 

editorial by Wayne Green 



SUED 

Ask me how it feels to be 
sued by multl-billlon-dollar or¬ 
ganizations. I'm getting to be 
an expert. Ten years ago AT&T 
was after me, and now it's CBS! 

With large firms like those, 
one never actually knows the 
real purpose of the suit. Several 
members of the press have 
called CBS to try to find out 
what's behind this latest attack 
on Wayne Green, but all they get 
Is either a "no comment" or, 
more often, no returned call. 

The suit has to do with my 
starting a magazine a few 
months ago called Digital Au¬ 
dio. This has to do with the new 
compact-disc field, which Is just 
really getting started. CBS, 
which publishes both Audio and 
Stereo Review magazines, the 
two largest in the hi-fi field, Is 
claiming that the use of the word 
"audio" in the Digital Audio title 
Is irreparably harming their mag¬ 
azine, Audio. They claim this will 
confuse the readers. 


name Digital Audio, I had the ti¬ 
tle carefully searched by one of 
the top copyright law firms in 
the country and got their assur¬ 
ance that they felt I had no con¬ 
flicts with It. Since the term 
"audio" is generic for the field, 
and since there are and have 
been several magazines using 
the word "audio" in their titles 
for several years without any 
complaint, there seemed no 
reasonable potential for legal 
action. 

If CBS Is going to try to re¬ 
serve the word "audio" exclu¬ 
sively for their magazine, one 
wonders at their lack of dili¬ 
gence in the past. One also 
wonders if it is really possible 
to reserve a generic word such 
as “audio" for a magazine title 
and retain exclusivity to Its use. 
We're all familiar with Personal 
Computing, Popular Comput¬ 
ing, and Creative Computing, 
as well as Popular Electronics, 
Electronics Illustrated, Radio 
and Electronics, and so on. 
Then there's Modern Photogra¬ 


phy and Popular Photography. 

Is this a case of the CBS law¬ 
yers generating work just to 
justify their salaries, as has 
been suggested by some of the 
press? Or is this a case where 
CBS may feel threatened by 
Wayne Green preempting a 
new field, digital audio, which 
they now recognize as one 
which will soon grow into the 
largest aspect of hl-fl? Is it pos¬ 
sible that CBS, by virtue of its 
unlimited funds for pursuing le¬ 
gal attacks on Wayne Green, 
may be using the courts to try 
to put Wayne Green out of busi¬ 
ness and put a nuisance out of 
the way? Considering the CBS 
dominance In the hi-fi market, 
am I fighting an anti-trust battle? 

I remember all too well one 
lawsuit where the other attorney 
bragged that his organization 
had spent over a million dollars 
on the case against me—the 
$250,000 that one cost damned 
near sunk me. 

Digital Audio Is doing well 
and the field Is growing 
quickly—about 100% per year. 
In addition to music, compact 
discs are being used for digital 
information—for Instance, the 
Library of Congress index is 
coming out on two compact 
discs. This will be a priceless 
resource for small libraries. 

Even though I don’t see 
where CBS has a legitimate leg 
to stand on, their resources are 
so infinitely beyond mine that I 
could get crushed, so It's scary. 
And while our legal system may 
work okay much of the time, 
there are plenty of glaring ex¬ 
amples of its fallibility. Money 
can buy injustice. 

Will Wayne Green be flat¬ 
tened or bled dry by the CBS be¬ 
hemoth? We’ll see. 


Before I went ahead with the 



QSL OF THE MONTH 

To enter your QSL mall It In an envelope to 73, 80 Pine Street, Peterborough NH 03458. 
Attn: OSL ol the Month. Winners receive a one-year subscription (or extension) to 73. Entries 
not In envelopes cannot be accepted. 
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QRX. . . 


What Next? 

A NEW DXCC COUNTRY has been un¬ 
earthed by hungry DXers! The ARRL 
Awards Committee has voted 6-1 to ac¬ 
cept the DX Advisory Committee recom¬ 
mendation that ZC4 UK Sovereign Base 
Areas on Cyprus be recognized as a sepa¬ 
rate country. When the Republic of Cyprus 
was established by treaty on August 16, 
1960, Great Britain retained sovereignty 
over the Akrotlrl and Dhekella military 
bases. It's taken twenty-five years for any¬ 
one to notice! Submissions for ZC4 will 
not be accepted before June 1, 1985. ZC4 
contacts made before August 16,1960, will 
be credited to Cyprus. Unfortunately, all 
ZC4 contacts made after 1960 were not 
necessarily with Sovereign Bases. If your 
card specifically indicates operation from 
one of the bases, you’re in luck. The DXCC 
desk will try to help in pinpointing the lo¬ 
cation of other ZC4 stations, and you can 
submit several cards for possible Sover¬ 
eign Bases credit. If you already have a 
Bases card credited to Cyprus, you can re¬ 
submit it along with a valid 5B4 QSL and 
nail both countries In one shot. 

Scholars 


NINETEEN SCHOLARSHIPS have been 
announced by the Foundation for Amateur 
Radio, Inc., a nonprofit organization with 
headquarters In Washington DC. Licensed 
amateurs may compete for one or more of 
these awards if they plan to pursue a full¬ 
time course of study beyond high school 
and are enrolled or have been accepted In 
an accredited university, college, or tech¬ 
nical school. Most of the scholarships re¬ 
quire that the applicant hold at least a 
General-class license. The awards range 
from $350 to $900, with preference given in 
some cases to residents of specific areas 
or students In a particular curriculum. You 
can obtain complete details about the FAR 
Scholarship Program by sending a letter or 
card, postmarked prior to May 31,1985, to 
FAR Scholarships, 6903 Rhode Island Av¬ 
enue, College Park MD 20740. 

Go, Barry! 

BARRY GOLDWATER K7UGA has intro¬ 
duced two nonbinding resolutions to the 
Senate relative to discriminatory and un¬ 
reasonable local restrictions on home-sat¬ 
ellite and amateur-radio antennas. Senate 
Resolution 35 deals with the satellite in¬ 
dustry. Senate Resolution 36 urges the 
FCC to protect amateur-radio licensees 


against unreasonably restrictive land use 
and other state and local regulations 
which would render communications im¬ 
possible or unreliable. 

Chilling Ta le 


THE FASCINATING STORY of Denise Al¬ 
len VK0YL has kindly been provided by "73 
International” correspondent Jim Joyce 
VK3YJ. According to Jim, Denise had her 
first exposure to amateur radio while work¬ 
ing on Willis Island as a weather observer 
early In 1984. Guided by Graham VK9ZW, 
the island's Technical Officer, Denise de¬ 
voured the study guides and code-practice 
tapes which were parachuted onto the re¬ 
mote Island. After leaving Willis, Denise 
successfully passed the radio-license ex¬ 
amination and began to prepare for her 
twelve-month tour of duty on Macquarie Is¬ 
land. Denise is equipped with a Kenwood 
TS-120S and will operate all bands (includ¬ 
ing six meters!) as often as possible. The 
six-meter gear Is a Yaesu FT-680, a Lunar 
amplifier, and a Werner Wulf four-element 
beam. QSLs for contacts with VK0YL may 
be sent via Ken VK3AH at his Callbook ad¬ 
dress. Ken is the editor of Amateur Radio. 
the monthly magazine of the Wireless In¬ 
stitute of Australia, and also took the won¬ 
derful photograph of Denise pounding 
brass. 

Map Happy 


A NEW MAP of the South Pacific Is avail¬ 
able, published by the State of Hawaii. The 
map shows the location, capital, and polit¬ 
ical status of just about every island in the 
area. You can receive a free copy by writ¬ 
ing to the State of Hawaii Information Of¬ 
fice, Department of Planning and 
Economic Development. PO Box 2359, 
Honolulu HI 96804. 

Auto Chew 


IF YOU THOUGHT Doctor DX™ from Ad¬ 
vanced Electronic Applications was great, 
wait until you've tried Doctor QSO™! Doc¬ 
tor DX is, of course, AEA's DX contest 
simulator for the Commodore 64. Well, 
Doctor QSO Is just what It sounds like—a 
rag-chew simulator. The computer dis¬ 
plays a 40-meter transceiver with a digital 
frequency display. You can change the fre¬ 
quency, volume, power output, and filter¬ 
ing by hitting a key. You can also toggle 
QRM and QRN In or out (a feature I wish 
my rig had!). Calling or answering a CO will 



Denise VMYL giving her fist a workout. 


net a contact, and you’re off! I had a very 
nice chat with a fellow named Joe in Mis¬ 
sissippi who was running an FT-901 that 
he had just purchased. We talked a bit 
about the weather and what rigs Joe had 
before he bought the Yaesu. We talked 
about antennas. Joe was S3 and fading 
when we signed, after promising to CU 
AGN SN. In some ways I really expect to 
hear Joe again on the bands—it was that 
realistic. Doctor QSO is also designed to 
be a Morse trainer. By selecting an option 
on the start-up menu, the operator can use 
the keyboard to send CW, and the sent 
characters are displayed on the screen, 
giving excellent reinforcement. As an in¬ 
troduction to ham radio, Doctor QSO lets a 
would-be ham talk with amateurs without 
needing to know code. It's a perfect way to 
pique someone's interest. I could go on 
and on, but let me just say that AEA has 
really outdone themselves this time. Look 
for a review of Doctor QSO coming soon in 
73. 

Bird Watcher 


A PAIR OF SOVIET BIRDS are on the 
bench in Moscow. RS-9 and RS-10 are 
slated for launch later this year. Both 
satellites use mode A (two meters to ten 
meters), and RS-10 will sport mode K. 
Mode K utilizes a fifteen-meter uplink and 
a ten-meter downlink. We'll have further 
details as they become available. Thanks 
to Amateur Satellite Report for this Infor¬ 
mation. 

Exam Updates 


SEVERAL FCC ACTIONS concerning the 
Volunteer Examiner Program have occurred 
recently. A Notice of Proposed Rulemak¬ 
ing, PR Docket 85-21, has been Issued In 
response to a petition by Phil Miller, who 
requests that the waiting period for retak¬ 
ing an amateur examination be reduced 
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from 30 to 7 days. Various comments have 
been received at the FCC proposing alter¬ 
nate waiting periods, Including 15 and 26 
days. The Commission feels that the wait¬ 
ing period Is detrimental to the VE program 
and would like to delete the section of Part 
97 that requires it. Three Orders concern¬ 
ing the program have been declared. First, 
the requirement to notify the FCC Field 
Operations Bureau thirty days In advance 
of an examination has been removed. 
Also, Volunteer Examiners are no longer 
required to list their address, license class, 
and license expiration date in Section II of 
Form 610. This is in response to a petition 
from the Dayton Amateur Radio Associa¬ 
tion that pointed out that the Information 
was redundant and unnecessarily clut¬ 
tered the form. Finally, the third Order dis¬ 
misses a petition by Gordon Girth that 
requested several changes to the VE pro¬ 
gram, Including a 3-reglon limit for VECs 
and expanded responsibilities for Ad¬ 
vanced-class VEs. According to the Com¬ 
mission, "The petition Is moot in part, 
repetitive in part, and requests several rule 
changes which are contrary to law. It does 
not warrant the Initiation of a rulemaking 
proceeding." 

CQ Sea Dogs 


A RARE OPPORTUNITY to work an English 
Renaissance sailing ship Is scheduled for 
April, May, and June. The Godspeed, a 68- 
foot vessel built to early seventeenth-cen¬ 
tury specifications, will carry amateur ra¬ 
dio on board during her historic journey 
from London, England, to Jamestown, Vir¬ 
ginia. The original Godspeed was one of 
three square-rigged ships that brought the 
first permanent English settlers to the New 
World In the winter of 1606. Current plans 
call for the Godspeed to depart London on 
April 30 and follow the settlers' slx-thou- 
sand-mile route, which is expected to take 
around ten weeks. Captain George Salley 
KA4FVB will head a crew of twelve on this 
extraordinary journey. 

G’Day Mate! 


DICK SMITH ELECTRONICS is coming to 
the United Statesl Those of you familiar 
with the international scene will recognize 
the name as one of the largest and most 
popular electronics suppliers outside the 
States. The Sydney, Australia, firm was 
founded in 1968 by Dick Smith who, among 
other exploits, floated a fake Iceberg Into 
Sydney harbor on April Fool's Day and pi¬ 
loted his helicopter In the first solo round- 
the-world helicopter flight. Dick Smith 
Electronics plans to offer its own unique 
brand of business to the American hams, 
staffing the stores with electronics ex¬ 
perts rather than stuffy salespersons Dick 
Smith also supplies very nice screen- 
printed circuit boards for projects found In 
magazines such as 73. 
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Ops at Fire Service Recognition Day ft to r): 
Harold Burba N6AXQ, John Kitchens 
NS6X, Marcy Bisson KG6FY, and Bill Bis¬ 
son KF6XX. 

Live Fire 


BIG DOIN’S ARE COMING to Van Nuys, 
California. On May 11th look for KF6XX op¬ 
erating live from Los Angeles Fire Station 
Number 88, from 1700 to 2200 UTC. It’s all 
part of Fire Service Recognition Day, an 
annual event designed to promote good¬ 
will between local fire-fighting agencies 
and the public. KF6XX will operate 15- and 
20-meter SSB, and a special QSL certifi¬ 
cate will be available. 

DX Dream 


CLIPPERTON ISLAND will be back on the 
air early this month if all goes well. An In¬ 
ternational group made up of sixteen 
hams, headed by Kip Edwards W6SZN, will 
attempt to activate Cllpperton between 
April 3rd and April 10th. It's been seven 
years since the Island was last heard from. 
The game plan includes three stations run¬ 
ning 24 hours per day on 10 through 160 
meters using CW, SSB, and RTTY. The 
team hopes to be able to work SSB and 
CW simultaneously on the same band. 
And, if equipment can be obtained, they 
will try OSCAR and 6-meter operation. Of 
course the cost for such an adventure is 
phenomenal—about $3500 per person. If 
you would like to help finance the opera¬ 
tion, contact The Northern California DX 
Association, c/o Rusty Epps W60AT, 948 
Kiely Boulevard. Santa Clara CA 95051. If 
the DXpeditlon doesn't come about, all 
contributions will be refunded. QSLs go to 
YASME, PO Box 2025, Castro Valley CA 
94546. Cards received without an SASE 
will be QSLed via the bureau. 

Giggers 


THE INTERNATIONAL V/UHF CONFER¬ 
ENCE at this year’s Dayton Hamventlon 
will sport a fresh new format: 

• The unique Noise Figure Contest will be 
held at the Hara Arena beginning at 6:00 
pm on Friday. April 26th. The Arena will be 
closed to all other Hamvention activities 


so that any potential rf Interference is 
avoided. Prizes will be awarded for the 
best designs from 144 to 2304 MHz. 

• Technical forums will commence at 9:00 
am on Saturday, April 27th, covering topics 
such as antennas, propagation, contest¬ 
ing, and dynamic range measurements. 

• Antenna gain testing begins at 9:00 am 
on Sunday, April 28th, on a new range lo¬ 
cated behind the arena. Certificates will be 
awarded for the highest gain and best fig¬ 
ure of merit and to the winners in the home¬ 
brew competition. No forums have been 
scheduled for Friday, so everyone will be 
free to explore the giant flea market. 

Defense Defense 


THE DEPARTMENT OF DEFENSE has ex¬ 
pressed support of PRB-1, the ARRL re¬ 
quest to the FCC for relief from restrictive 
antenna ordinances. In reply comments to 
the petition, DoD cited the Grenada action, 
the Coallnga earthquake, and the 1983 
New Orleans flood as examples of the vital 
need for amateur-radio communications 
as a backup to federal and civil systems. 
According to DoD. "Continued success of 
the existing NSEP (national security and 
emergency preparedness) telecommuni¬ 
cations plans Involving amateur stations 
would be severely diminished If state and 
local ordinances are allowed to prohibit 
the construction of and usage of effective 
amateur transmission facilities." 

Perryscope 


COMING UP IN MAY Is the Issue many 
hams wait all year to receive: our annual 
Antenna Extravaganza! It’s stuffed full of 
practical skywlres to build, from UHF to 
160 meters. You’ll find reviews of antennas 
on the market and previews of antennas 
that aren’t. And theoretical discussions 
that you won’t be able to put down until 
the last sentence. On the lighter side, we 
have a bizarre tale from the Antlers Inn. 
We'll also show you how to perform a sim¬ 
ple appendectomy using common items 
found in every kitchen! Don't miss the May 
issue of 73. If you do. one of our boys will 
come and stick a pin in your coax. 

TNX 


SO MANY PEOPLE make QRX a success. 
This month the news was brought to you 
courtesy of the W5YI Report (electronic 
edition), the ARRL Letter, the RaRa Rag, 
Amateur Satellite Report, and all of you 
wonderful folks who supply your com¬ 
ments and stories. Don't forget to send in 
your news Items, photographs, and ideas 
to QRX. Or drop by the 73 booth at the Day- 
ton Hamvention .. a story will buy you a 
cup of coffee. 
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lohn Wood WA4BPI 
1101 Little Elton Lane 
West Memphis AR 72301 


Dateline: Dayton 

It's almost here! Take an inside peek at the what , when, 
and where of ham radio's biggest bash of the year with 
73's annual Dayton Hamvention sneak preview. 


F or the autoracing buff, 
Indianapolis is the 
springtime place to be. For 
the horse-racing fan, Louis¬ 
ville is the mecca. Amateurs 
from around the world are 
no different as they set their 
sights every April on the 
midwest target of Dayton, 
Ohio, and the granddaddy 
hamfest of them all, the an¬ 
nual Dayton Hamvention. 

Over 20,000 ham-radio 
enthusiasts invaded Dayton 
in 1984. That many and 
more are expected to be 
there April 26, 27, and 28, 
1985. But why do so many 
amateurs turn out for this 
one event? And if someone 
wanted to attend, how 
would he prepare for this 
trip to ham-radio nirvana? In 
the next few paragraphs, I 
will answer these and other 
questions for you about the 


hamfest that some hams 
call "the center of the ama¬ 
teur-radio universe." 

For any business venture 
to thrive, the first thing it has 
to have is a great location. 
That's Dayton’s first big ad¬ 
vantage. Maybe Dayton is 
not centrally located geo¬ 
graphically, but as far as the 
population centers are con¬ 
cerned, Dayton is conve¬ 
niently located. If your 
home QTH is anywhere in 
the eastern half of the great 
USA, you're probably just a 
day's drive from Dayton. 

A second required ingre¬ 
dient for success is good or¬ 
ganization, and that's truly 
an area where the Hamven¬ 
tion shines. Operated as a 
wing of the Dayton Amateur 
Radio Association (DARA), 
all responsibilities for the 
event are parcelled out to 



Heading to Dayton? Lots of amateurs are already planning 
their annual trek to the Ohio city that is fast becoming "the 
center of the amateur-radio universe." 
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committees that meet the 
year round. They evaluate 
the previous year’s event in 
May, study possible changes 
during the summer months, 
and by fall everyone knows 
exactly who is doing what in 
preparation for the next 
Hamvention. 

Every job is covered. 
From the job of flea-market 
chairman, managing over 
1,500 spaces available out¬ 
side, to that of chairman of 
inside activities, placing 
over 200 anticipated new- 
equipment dealers in the 
right location, all of the re¬ 
sponsibilities are assigned. 
That may seem like an ex¬ 
tensive amount of advanced 
planning, but for a show this 
big to be produced by vol¬ 
unteers to satisfy the wishes 


of over 20,000 hams, it's nec¬ 
essary. 

Okay, you're impressed 
by the mechanics, you say, 
but what can you expect to 
see and do at the Hamven¬ 
tion? I guarantee you that 
there is more to see and do 
at the Hamvention than 
you'll have time for. 

For this and other obvious 
reasons, it's a good idea to 
plan how you want to spend 
your time at the 1985 Ham¬ 
vention, and the trick is to 
do your planning as soon as 
you enter the main doors of 
Hara Arena where you'll re¬ 
ceive your Hamvention pro¬ 
gram. Take a moment to sit 
down with the book, see 
what's on the 1985 schedule, 
and note the forums and 
meetings you want to at- 



Hara Arena is the focal point of the Dayton Hamvention, pro¬ 
viding room for over 200 indoor displays, daily forums, and 
the Hamvention's 1,500-space flea market. 



As soon as the doors opened on Hamvention 1984, the Hara Inside exhibits were popular with the 1984 crowd. This was 
Arena was filled with busy shoppers looking for that certain just one of three large arena areas set aside for the over 200 
piece of dream equipment. dealers. 


tend. That is no easy task 
considering that almost 
every topic related to ham 
radio is touched upon dur¬ 
ing the weekend, so feel free 
to be very selective. Inbe- 
tween planned discussions, 
you can make your sweeps 
through the flea market and 
indoor displays and, hope¬ 
fully, see most of what the 
Hamvention has to offer. 

Just what will you see? In 
years past, I have found that 
dealers like to have their 
newest products debut at 
the Dayton Hamvention to 
take advantage of the large 
crowd of prospective cus¬ 
tomers. After all, it's a basic 
advertising axiom that the 
more people who see your 
products, the more sales 
you'll make and the more 
word-of-mouth advertising 
you'll generate. When the 
prototype synthesized HT 
came on the scene, it made 
its first public appearance at 
Dayton—so watch for the 
new and the unusual. 

Besides the newest equip¬ 
ment, you'll also be seeing 
some of the lowest prices 
ever offered on amateur-ra¬ 
dio gear. You might call it 
the "Dayton Discount," but 
I've found prices there to be 
consistently lower—again 
because of the large number 
of buyers, for that can turn 
small profit margins per 


item into large total profits. 

I can't guarantee that 
you'll find the lowest possi¬ 
ble price on that receiver 
you've been dreaming 
about, but I can say that 
whenever I want to buy 
something, I shop Dayton 
first Yes, I'll pay $22.00 a 
box for ten floppy disks at 
my local computer store, 
but I will also stock up by 
buying a few boxes at the 
Dayton flea market where 
they're going for $16.00 a 


box; that's just knowing a 
bargain when you see it and 
taking advantage of it. 

Amateur equipment is 
not all you'll see at Dayton. 
During the 1984 Hamven¬ 
tion, I saw a variety of dis¬ 
plays, from portable Halon 
fire extinguishers to recruit¬ 
ers telling amateurs about a 
career in the Central Intelli¬ 
gence Agency. (But don't 
ask anyone where the CIA 
booth is located; it's a 
secret.) 


HINTS 

• Secure room reservations for the nights of April 26 and 27, 
and if you plan to arrive on Thursday, include the night of April 
25 in your reservations. 

• Get the group together so you’ll know who plans to go, 
then you can figure on how many cars you’ll need to make the 
trip. 

• Save money by ordering your registration tickets in ad¬ 
vance, and at the same time order your flea-market permits, if 
needed. 

• Talk to the boss and arrange for time off on the appropri¬ 
ate dates—April 26 plus any days needed for travel. 

• Save your money to pay for the trip and whatever equip¬ 
ment you've been wanting. Convert most of that money Into 
traveler's checks which are readily accepted by dealers at the 
Hamvention. Don’t expect a dealer to take your personal 
check. 

• If you plan to sell Items in the flea market, look around the 
ham shack for equipment you can bear to part with and put a 
fair price on it. Then be ready to watch it go when you put it on 
display at the Hamvention flea market. 

• Make and carry a list of things you want to buy while at the 
Hamvention. You'll be looking at so much equipment, you 
could forget what you came to Dayton to get! 


So there's really no telling 
what you'll see at the 1985 
event I expect the latest in 
amateur-radio gear to be on 
display—from antennas and 
towers to transmitters and 
computers—but you might 
also find a version of an old 
radio that only your grand¬ 
father could remember It's 
the diversity that is one of 
the appeals of Dayton, so 
keep your eyes open as you 
wander the aisles. Much of 
what you'll see can be seen 
only at Dayton. 

Preparations 

Now that I have you ea¬ 
ger to attend the 1985 Ham¬ 
vention, you're probably 
wondering what prepara¬ 
tions you should make prior 
to departure for the ama¬ 
teur-radio heaven known as 
Dayton. Here's the answer, 
and be sure you pay atten¬ 
tion because it gets kind of 
complicated. 

With part of the show in¬ 
side and a big part outside at 
the 1,500-space flea market, 
you need to be ready for any 
type of weather Mother Na¬ 
ture happens to have on 
hand for that last weekend 
in April. And as any Dayton 
resident can tell you, the 
weather can change from 
year to year and from day to 
day, from sunshine and 70° 
F to rain and 40° F with a 
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GENERAL INFORMATION 

• Hamvention information— {513)433-7720 

• Flea-Market Hotline—(513>-223 0923 

• Flea-market setup day—Thursday, April 25. Registration 
tickets and flea-market permits must be shown together for 
admission to the flea market. 

• Deadline for ordering tickets and flea-market permits— 
April 12. 

• Prices—registration tickets: in advance $8.00, at door 
$10.00; flea-market spaces $17.00; alternative activities $6.00; 
banquet tickets: in advance $14.00, at door $16.00. 

• Talk-In Frequencies: 146.94, DARA repeater. Other avail¬ 
able repeaters: 146.31, 224.38, and 224.94. 

1985 HAMVENTION OFFICERS 
General Chairman—Jack Mitchell AA8Q 
Assistant General Chairman—Jim Simpson WB80ZZ 
Flea-market Chairman—John Grody WB8TEK 
Advance Registration—Paula DiGennaro KA8HOJ 
Registration Chairman—Cathy Grody 
FCC Testing—Judy Frye KG8P 


possibility of ice, snow, and 
even wind warnings on area 
lakes. So be a good scout 
and be prepared for dressing 
with the changeable weath¬ 
er in mind. 

Start with a short-sleeved 
shirt and a jacket, and if it 
gets warm, you can trim 
down to a T-shirt. But keep 
the heavy coat and long un¬ 
derwear nearby in case the 
mercury goes the other way, 
and always be ready for rain 
by having an umbrella or 
raincoat handy. In just the 
last three years, we've had 
clear and warm, cold and 
wet, and, in 1984, simply 
gorgeous weather. In 1985, 
the umbrella salesman 
could become the most 
popular guy in the flea mar¬ 
ket—or he could go broke. 
Flea Market 

Speaking of the flea mar¬ 
ket, the group I go with 
every year from West Mem¬ 
phis always rents a space or 
two to sell some extra gear 
and to serve as a gathering 
point for the entourage 
Why, even some of the 
hams attending from nearby 
Memphis know that they're 
welcome to visit and rest a 
spell at the West Memphis 
exhibit. Now that you're 
planning your trip, you 
might include the cost of a 
flea-market space in your 
Dayton budget 

The spaces are $17.00 this 


year, up from $15.00 last 
year, but that pays for use of 
the space for the entire 
Hamvention weekend. Even 
with the slight price in¬ 
crease, the flea-market 
space is still a great idea for 
your group —and also a 
good way to pay or help pay 
for the trip since you can sell 
some of your used equip¬ 
ment. 

Keep in mind that flea- 
market permits are avail¬ 
able only in advance (four is 
the limit) and that all spaces 
are numbered. This change 
took effect last year and was 
welcomed by all involved 
since it allowed the flea- 
market vendors to set up for 


the show in advance, elimi¬ 
nating the horrible practice 
of having flea-market ven¬ 
dors waiting in line over¬ 
night for a space—and in 
some cases waiting two or 
three days. The ease of set¬ 
ting up last year made for a 
better Hamvention all around 
since vendors weren't tired 
from waiting in line all night 
and were in more of a mood 
to bargain. That made for a 
money-saving situation for 
the customers. The change 
was such a success last year 
that it has been incorporat¬ 
ed permanently into the 
Hamvention plans. 

Just remember that if you 
plan to sell in the flea mar¬ 
ket you must order your 


spaces in advance, and if 
you order your registration 
tickets at the same time (at 
the price of $8.00), you can 
save money over the at-the- 
door price of $10.00. So save 
yourself some time and 
money and order in ad¬ 
vance. 

If you have any other 
questions about the flea 
market, call the Hamven¬ 
tion Flea-Market Hotline at 
(513)-223-0923. You might 
even get to talk to the flea- 
market chairman, John 
Grody WB8TEK, or his love¬ 
ly wife, Cathy, who is the 
Flamvention's registration 
chairman. 

In a recent interview, 
Grody asked me to remind 
Hamvention attendees of 
flea-market rules: No bikes, 
roller skates, or motorized 
skateboards will be allowed 
in the flea market, and, if a 
vendor plans to use a gas 
heater or stove while in the 
flea market remember that 
those devices are potential¬ 
ly dangerous —especially 
when used in a crowded area 
—and for their safety and 
the safety of others, it is a 
good idea to bring along 
a dependable fire extin¬ 
guisher. 

Travel Plans 

Grody also pointed out 
that the main section of In¬ 
terstate 75 through down¬ 
town Dayton is going 
through a two-year recon- 



Flea-market displays vary with the vendors, but with over 
Flea-market vendors and customers fill the aisles in this par- 20,000 people attending, the prospective buyer is always at 
tial view of the 1984 Hamvention flea market. hand during the three-day sale. 
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struction project, and folks 
who normally use that 
north-south artery might 
want to have an alternate 
route in mind. 

If you are driving around 
500 or 600 miles to Dayton 
with a group of fellow hams 
and you plan to share the 
room expenses, you can 
count on the trip, meals in¬ 
cluded, costing you about 
$100. That approximate fig¬ 
ure can vary depending on 
the number in your group, 
your mode of transporta¬ 
tion, and selection of restau¬ 
rants versus fast-food estab¬ 
lishments, but I have found 
the $100 price tag to be a 
consistent starting point 
when it comes to computing 
expenses. Purchasing a tick¬ 
et to the annual Hamven- 
tion banquet will also 
change the expense total, 
but I can tell you from expe¬ 
rience that it is money well 
spent. Going to the banquet 
was one of the highlights of 
my 1984 trip to Dayton, so 
make it if you can. 



It's a common sight to see four potential buyers looking over 
one piece of equipment for sale during the Hamvention. 


In the area of securing ap- you'll find an application for 
propriate accommodations, 1985 hotel reservations on 
I can take pleasure in telling page 59. If you don't have a 
you that this sometimes copy, write to Dayton Ham- 
complicated task can be vention Housing, 1980 Ket- 
handled easily through the tering Tower, Dayton OH 
Hamvention's Housing Bu- 45423-1980. Be sure to get 
reau. If you have a copy of your requests in early, 
the program from 1984, If you've read this far, I'd 


say you have a pretty good 
idea of what Dayton is all 
about and how to plan for 
an enjoyable trip to the 34th 
annual Hamvention. But 
reading a description can 
hardly be compared to ac¬ 
tually being there and expe¬ 
riencing the event for your¬ 
self. It's truly a once-in-a- 
lifetime experience that I 
have been lucky enough to 
enjoy for many years and, I 
hope, will be lucky enough 
to continue to enjoy for 
many years to come. I have 
no doubt that you'll feel the 
same way once you at¬ 
tend—and then you'll know 
why folks who make the 
Hamvention once go back 
again and again. 

So get the gang together, 
hop in the car, and head for 
Dayton, Ohio, April 26, 27, 
and 28, 1985, to see what's 
new in ham radio. And if you 
happen to have the low- 
band rig in the car, give us a 
shout on 7.171 MHz. We'll 
talk about the Hamvention. 
See you there! ■ 




yet it gives you better radio 
communication and perfect tuning! 

Low profile Untenna eliminates vehicle clearance 
problems! Says goodbye to inter-mod: exclusive 
narrow band width tunes out adjacent channel 
interference. Gives a perfect match anywhere on 
the band. Eliminates mobile flutter by its rigid 
construction. Offers a wide choice of models: 
standard and customized. Untenna is unequalled 
for mobile, portable, or fixed radios. 

Com-Rad Industries 
25 Imson St. • Buffalo, N.Y. 14210 
(716) 823-0331 

Distributor Inquiries Invited 


(818) 447-4565 m-f 8am-6pm pst. 

P-C. ELECTRONICS 2522 Paxson Lane 

Tom W60RG Maryann WB6YSS Arcadia CA 91006 
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John C. Reed W6IOJ 
770 La Buena Tierra 
Santa Barbara CA 93111 


Hear, Hear! 

Stop settling for second-rate signals from OSCAR. You've really 
no excuse. W6IO)'s low-noise preamp is easy to build and 
includes all the circuits necessary for alignment. So do it! 


O perating OSCAR 10 
made me appreciate 
the difficulties one can have 
in receiving threshold signals 
in the two-meter band. From 
my location, and I think it is 
fairly typical, I can see ele¬ 
vated locations having TV, 
FM, and aircraft-control trans¬ 
mitters that all saturate my 
location with high-energy 
VFfF radiation. This is in addi¬ 
tion to cable-TV leakage. 

Using my original preamp, 
I received many strange sig¬ 


nals in the OSCAR 10 band¬ 
pass. The interference varied 
greatly from time to time, and 
during some periods it made 
the receiver inoperative. The 
greatest offender was the TV 
station at the receiver image 
frequency (I could detect the 
signal with no antenna or pre¬ 
amplifier—simply stray pick¬ 
up into the double-balanced 
mixer). There also were many 
cross-modulation-type signals 
that I couldn't identify. The 
old preamp used a typjcal 


low-Q input-matching circuit 
and a fairly sharp tuned-out¬ 
put circuit for discriminating 
against the mixer image. 

This article describes a 
low-noise preamp that solved 
my problems. It has a gain of 
over 20 dB. In addition, the 
description includes a very 
handy noise source for tuning 
up and optimizing receiver 
performance. It generates 
power-line-type noise that 
can be varied in amplitude 
and keyed. The noise charac¬ 


ter is such that it can be used 
with any type receiver, in¬ 
cluding the SSB/CW receiver. 
Both assemblies are simple 
do-it-yourself projects. All 
parts can be bought from Ra¬ 
dio Shack. 

Etched PC-board circuitry 
is avoided in the fabrication 
by using small PC pads glued 
to the primary PC mounting 
board with ordinary house¬ 
hold cement. Components 
are soldered directly to the 
pad foil for interconnection 
and support. If a mistake is 
made, simply lift the pad with 
a knife and make the neces¬ 
sary change. The method is 
simple and effective; I found 
no disadvantages in its use for 
this particular application. 

Preamp Circuit 

Choosing the preamp ac¬ 
tive device becomes easy 
when you restrict your 
choice of parts to those 
which are readily available. 
The only one that is compet¬ 
itive from the low-noise con¬ 
sideration is the MRF901. 
Actually, it is not a bad com¬ 
promise, as the typical noise 
figure is less than 1.6 at 2m. 
It has two disadvantages as 
compared to a good FET: 
One is that bipolar ampli¬ 
fiers are more subject to 
overload, and the second is 
that it is difficult to stabilize 



Fig. 1. Schematic diagram of the preamplifier. Numbered components are identified below. 
Fixed-value resistors are carbon composition, 1/4 W. Fixed-value capacitors are disc ceramic, 
50 WV. Numbers in parentheses identify Radio Shack numbers. 

Cl through C6-5-60-pF miniature trimmer (272-1340) 

Q1-MRF901 (276-2044) 

Q2-2N3819 (276-2035) 

L2, L4, L5, L7—5 turns no. 14 solid wire, 3/8 inch dia., 7/16 inch long(formedon 1/4-inch-dia. 
rod) 

L3, L6—3 turns no. 14 solid wire, 5/16 inch dia., 1/4 inch long (formed on 3/16-inch-dia. rod) 
LI —2 turns no. 24 plastic-insulated stranded hookup wire formed tightly over the end of L2 
L8—1 turn no. 24 plastic-insulated stranded hookup wire formed tightly over the end of L7 
RFC—approximately 30 turns no. 30 wire on 1/2-W, Ik resistor (two layers) 
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Fig. 2. Layout details. 

A—PC mounting board, 4 X 5-3/4 inch, Cu one side 

B-Parts-mounting pads, 1/16-inch PC board, Cu either one 
or both sides (preferably glass insulation). 1/4-inch-wide 
separate pads formed by filing 1 /16-inch-wide grooves to 
remove Cu. Clued to mounting board with household 
cement. Length in inches: B1 — 1/2, B2 -1-1/4, B3—1-1/4, 
B4-1/2, B5-3/8, B6-1/2, B7-1-1/2, B8-1-1/4, 
B9—1/2. 

C—Ql emitter connections. No. 14 solid wire shaped as tight 
U, 1/4 inch long, soldered to mounting board 

D—Power-supply connections. Wires connected through 
holes in the mounting board, reamed on the foil side to 
prevent shorting of the wire to the PC foil. 

E—Cable clamps 

F— RC-58/U input-output cables 

C—PCboard mounting holes. Require insulated shoulder 
washers. 

H—Shield mounting holes 


when used with narrowband 
circuitry. 

The hybrid cascode cir¬ 
cuit shown in Fig. 1 opti¬ 
mizes the MRF901 perfor¬ 
mance while addressing 
these potential problems. 
The cascode 2N3819 FET 
common-gate second stage 
accommodates most of the 
voltage swing, improving 
the bipolar overload perfor¬ 
mance. Also, its broadband 
low-impedance load to the 
MRF901 reduces the insta¬ 
bility tendencies. Stability is 
further encouraged by con¬ 
necting the MRF901 emitter 
leads and all other compo¬ 
nents referenced to com¬ 
mon directly to the PC foil. 
The one disadvantage of this 
method is that it becomes 
necessary to isolate the foil 
from dc ground when mount¬ 
ing the assembly. The input- 
output inductive coupling 


provides the required cabling 
isolation. Operating current 
is established mainly by the 
MRF901 bias voltage. The 
bias voltage has been set to 
make a collector current of 
7 mA, the maximum current 
allowable that will maintain 
an optimum noise figure. 

The input filter, while not 
a particularly good filter 
when the preamp is trimmed 
for optimum signal to noise, 
provides some overload pro¬ 
tection to the MRF901. The 
output filter is a narrow- 
band T network made up of 
tuned circuits L5-C4 and 
L7-C6, adjusted for critical 
coupling by C5. The T-filter 
low-pass characteristic is 
discouraged by adding the 
high-pass inductor, L6; its in¬ 
ductance value is established 
to not alter the critical cou¬ 
pling value of C5. 



carbon composition, 1/4 W unless otherwise noted. Numbers 
in parentheses identify Radio Shack numbers. 

R—50k potentiometer (271-1716) 

SW1 -On-Off switch mounted on R (271-1740) 

SW2—Push-to-break switch (275-1548) 

NE-Ne-2H neon lamps (272-1102) 

C7-0.01 uF, 250 WV(272-1051) 

C8-5-60-pF trimmer (272-1340) 

L9—6 turns no. 14 solid wire, 3/8 inchdia., 1/2 inch long 
(formed on 1/4-inch-dia. rod) 

L10—2 turns no. 24 plastic-insulated stranded hookup wire 
(formed tightly over the center turns of LI) 

Output connectors—Female BNC chassis type (278-105) 
Box-4 X 2-1/8 X 1-5/8 inch (270-239) 


Preamp Fabrication 

The layout indicating nom¬ 
inal dimensions is shown in 
Fig. 2. The parts are mount¬ 
ed on the PC board using the 
glue-down pad technique 
mentioned earlier. Excep¬ 
tions to this are the MRF901 
emitter and collector con¬ 
nections. The two emitter 
leads are raised the height of 
the PC mounting pad thick¬ 
ness using copper pads 
made from no. 14 solid wire. 
(This wire is a common 
house-wiring size and can be 
purchased at most hardware 
stores.) 

The collector lead is 
carefully bent upward, the 
2N3819 source and 6 8k 
resistor connections sol¬ 
dered to it without an 
intermediate connecting 
method. This avoids possi¬ 
ble stray capacitance, a 
parasitic-oscillation preven¬ 
tive measure. In bending 
the MRF901 lead, do not ap¬ 
ply any stress on the lead- 
plastic interface (clamp the 
lead with long-nose pliers at 
that interface and bend the 
remaining portion of the 
lead). 


The layout is not critical 
First mount the MRF901, 
once that is complete, sim¬ 
ply glue the mounting pads 
one at a time while mount¬ 
ing the parts (no need to 
wait for glue drying). L2-L4 
and L5-L7 are mounted at 
right angles with maximum 
separation to minimize mu¬ 
tual coupling. The power- 
supply feedthrough holes in 
the mounting board re¬ 
quire reaming of the copper 
before gluing B4 and B8 
(hand ream with a 1/4-inch 
drill) Means of mounting 
the board without shorting 
the foil to power-supply 
ground is required. Two 
holes having fiber shoulder 
washers are used for that 
purpose. 

Noise-Source Circuit 
and Fabrication 

The noise source makes 
use of the noise generated 
from a gaseous discharge, in 
this case Ne-2H neon bulbs. 
At the receiver output it 
sounds identical to power¬ 
line noise. Referring to the 
circuit diagram. Fig. 3, two 
Ne-2H neon bulbs are pow¬ 
ered directly by 117 V ac 
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Fig. 4. Power-line noise source layout details. 

A—PC mounting board, 3-1/2 X 1-3/4 inch, Cu one side 
B—Parts mounting pads, 1/16-inch PC board, Cu either one 
or both sides, 1/4-inch-wide separate pads formed by filing 
1/16-inch-wide grooves to remove Cu. Clued to mounting 
board with household cement. Length in inches: BIO—1/2, 


877 —3/4, 872 —7, 873-7/2. 

through current-limiting re¬ 
sistors. The circuit includes 
a potentiometer to vary the 
current/noise output and a 
push-button switch (normal¬ 
ly on) to manually switch 
the bulbs. A tuned circuit is 
used for coupling out the 
146-MHz noise component 
Blocking capacitors com¬ 
pletely isolate the ac line 
from the output circuitry. 
The link-coupling output 
provides a direct-connected 
high output and a second 


low output through a 16-dB 
pad. The low output is close 
to a threshold signal (ap¬ 
proximately 6 dB above re¬ 
ceiver noise with minimum 
R) and the pad ensures a 
500hm source impedance 
The fabrication method is 
identical to that used in the 
preamp. The detailed layout 
is indicated in Fig. 5. The cir¬ 
cuit board is held into the 
mounting-box faceplate by 
the panel parts (BNC connec¬ 
tors, SW2, and R1). 


Alignment—Operation 

The amplifier is com¬ 
pletely stable without the 
shield; leave it off. Start by 
setting Cl, C3, C4, and C6 at 
minimum, C2 mid-range, 
and C5 maximum capacity 
(note capacitor inset. Fig. 1). 
Connect the noise-source 
high output to the preamp, 
and first trim C4 and C6, fol¬ 
lowed by Cl and C3 for max¬ 
imum output Next connect 
the preamp to the low-noise 
output and juggle Cl, C2, 
and C3 for optimum S/N. 
During this final alignment 
keep your finger on SW2, 
switching the noise source 
on and off while making the 
adjustments. Considering 
the output filter, I found 
that not much is lost by leav¬ 
ing C5 at maximum capaci¬ 
ty, possibly a 10% gain in¬ 
crease by juggling C4, C5, 
and C6. Selectivity will be 
degraded if the capacity of 
C5 is less than required for 
critical coupling. 

My preamp measured 26- 
dB gain. However, the gain 


will vary depending upon 
the characteristics of Q1 
and Q2. I have had no prob¬ 
lems with the MRF901. It's a 
consistent performer and it 
will take a lot of abuse. I 
have found inconsistent per¬ 
formance with the Radio 
Shack 2N3919s. If your am¬ 
plifier gain is low or if there 
is some evidence that the 
stage is contributing to the 
noise, try another transistor 
As a simple test for this, turn 
the noise source off (leave 
the cable connected) and 
then short the C1-L2 junc¬ 
tion to the mounting-board 
foil. The noise should de¬ 
crease at least 6 dB 

Some will raise their eye¬ 
brows looking at a bipolar 
circuit and an input filter, 
but the consequences are 
small. I have had no trouble 
receiving OSCAR 10 signals, 
even with the bird on the 
horizon. My antenna is a 
home-built four-element 
yagi with no cross polari¬ 
zation. ■ 


HI-TECH MODULES 


DIGITAL FREQUENCY SYNTHESIZER 
PHASE LOCK LOOP HFO 

LATCH 



FEATURES: 

1) 5*0 TO 5.5 MHz TUNING RANGE 

2) 100 Hz STEPS 

3) STD BUS PLUG BOARD FORMAT 
< 6 x 4.5. 56 PIN EDGE FINGERS ) 

4) 3.0 Vp-p OUTPUT INTO A 50 OHM LOAD 
MODEL DFS-1 

WIRED 5 TESTED S 98.00 

NYS ADDRESSES ADD 7.5% 

OTHER MODULES AVAILABLE CALL OR WRITE: 

Electronic Systems Consultants, Inc. 



MODEL PK-1 wired & tested w/4K RAM $149.95 

Additional memory (up to 14K total) 10.00/2K 

Manual only—credited with purchase g 95 

(add $2.00 for shipping) 

RTTY adapter board 17.95 

Custom cabinet kit—includes on/off 

switch, LED pwr indicator, reset button & pwr jack 3455 

Dimensions: 4.5 x 9.5 x 1.5 inches 

Pwr required: +12 VDC, approx. 200 ma. 


Contact G LB for additional info and available options. 

preselector preamps, CWID'ers 4 synthesizers for amateur & commercial use. 
Request our FREE catalog MC & Visa welcome 


GLB ELECTRONICS 

Dept S 36 Ransier Drive Buffalo. NY ^4224 
416 824 7936. 9 to 4 
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Spenser Whipple, jr. 


c/o73 


Ishmod's Journal 

What really happened on that lonely , uncharted rock? 
And what was the eerie glow? 



In April of 1984, we pre¬ 
sented (or at least tried to 
present) the story of Ish¬ 
mod's journal. As though 
still troubled by some un¬ 
seen force, the story ran 
afoul of production prob¬ 
lems and was abruptly 
abbreviated in its presenta¬ 
tion. It was to be con- 
tinuedonasub- 
sequent 


page, and to this day some 
of us don't know what hap¬ 
pened. 

Last April, when we saw 
the printer's proofs we were 
dumbfounded. Concern 
and curiosity turned into 
rage; fingers were pointed, 
the telephones were glued 
to our ears. We had no time 
to lay out the issue again, 
and besides, wecouldn't find 
the missing galleys. Then 
there was the prob¬ 
lem with the 
errant 


reference to a nonexistent 
page. Typesetting had a 
mysterious glitch that wiped 
out not only the Ishmod file 
but also our on-line author 
information. The hard copy 
provided by author Spenser 
Whipple was not in the 
folder, and Whipple was out 
of the country again. 

We swallowed hard and 
figured we could recon¬ 
struct the missing material 
and get it into an upcoming 
issue. Well, it's taken a year. 
Like the journal itself, the 
telling of this story also 
seems to invite the unex¬ 
pected and unex¬ 
plained. We hope 
that with this ef¬ 
fort Ishmod's story 
and its impact on 
mankind will be at 
last understood. The 
story begins with the 
last (and unfinished) 
sentence on page 65 of 
the April, 1984, issue.— 
Eds. 


T he rocks of the island ex¬ 
hibited the incredible 
capacity to alter the infun- 
dibuliform.. .I'll try to ex¬ 
plain. 

Once the five DXpedition- 
ers left the calm water of 
Chatrapur on the morning of 


June 25, their main task was 
to convince the captain of 
the chartered boat to follow 
Ishmod's directions. The 
captain had sailed these 
waters for nearly 40 years 
and couldn't accept the fact 
that there was any piece of 
land waiting at the coordi¬ 
nates on the crude map laid 
out before him. Still, Ishmod 
and the others had managed 
to scrape together the fare 
that had been settled on 
after considerable haggling. 
The captain would indulge 
their foolish pursuit because 
he was being paid to do so. 
The day loomed bright and 
promising. Ishmod double- 
checked his fixes and as¬ 
sured the captain that they 
were on course. 

Once underway and clear 
of the rocks and shoals near 
land, a battery-powered all¬ 
band portable radio was un¬ 
packed. If they were going 
to spend a week on the air, 
they hoped band conditions 
would be optimum. The odd 
thing was that the longer 
they traveled, the stronger 
band conditions seemed to 
get—not just the lower fre¬ 
quencies but across the en¬ 
tire spectrum. No matter 
where they tuned there was 
activity, and all this on a 
short telescoping whip. They 





Oulck charge cordless 

soldering iron, up to 125 
electronics joints per 
charge. Total recharge 
in less than 4 hours 
isolated tip design one 
of more than 2 dozen 
ISO-TIP and ORYX irons 
available Write for free 
catalog and name of 
nearest distributor 
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on 
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ORYX 


WAHL CLIPPER CORPORATION 

Sterling. Illinois 61081 • (815) 625-6525 


figured they were in for 
some great operating. Little 
did they know what they 
really had waiting for them. 

Ishmod figured that they 
would make land about 
noon. At 11:30 Dinpoor and 
Navi began to scan the hori¬ 
zon with borrowed binocu¬ 
lars. By 12:30, all were a 
little worried. And then they 
saw it; in fact, they had al¬ 
most rammed it. Ishmod 
and the others were all 
pointing. The captain 
cursed, jammed the boat's 
throttle into reverse, and 
flicked at his stubble, una¬ 
ble to believe what he saw. 

They made their ap¬ 
proach on the southern or 
leeward side and glided up 
to an uncharted, solid-rock 
island in the Bay of Bengal. 
They scrambled up the 
rocks with a whoop. Ishmod 
took four sightings on the 
stable footing, made his cal¬ 
culations, and proclaimed 
their triumph. The captain 
yelled to them to get their 
gear unloaded so he could 
get back before dark. Ish¬ 
mod went over a copy of the 
chart with the captain while 
the others carried their 
equipment and supplies 
ashore. The captain told 
them to be ready one week 
from the day. If the weath¬ 
er was bad, he'd be there 
the following day. Soon, 
Ishmod, Putra, Hator, Din- 
poor. and Navi were quite 
alone 

Using his crude map, Ish¬ 
mod began to walk the is¬ 
land, his friends chattering 
along behind him. They all 
thought they'd check out 
their new home before set¬ 
ting up the two base camps 
at the extreme ends of the 
kilometer-long monolith. 
There appeared to be no 
vegetation except for the 
marine growth near the 
water's edge, and there was 
little of that. Although it 
would matter a great deal 
later on, no one seemed to 
notice the lack of fish, crabs, 
or barnacles near the shore. 
Luckily, they had planned 
for the worst and had 
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brought along plenty of 
fresh water. 

There were several things 
about the island that struck 
Ishmod as odd, yet in his en¬ 
thusiasm he had brushed 
them aside. The island ap¬ 
peared to be solid rock, 
worn smooth, he supposed, 
by the action of water and 
the grains of sand sus¬ 
pended in it. There were 
some rather curious depres¬ 
sions at about the midpoint 
of the island, trailing off to 
the water in the north. The 
rock of which the island was 
composed had a definite 
metallic sheen when the sun 
struck it just right In fact, as 
they walked, the island 
seemed to blend into the 
surrounding water, which 
perhaps could have ac¬ 
counted for the island's lack 
of visibility. According to 
the oceanographic refer¬ 
ence he'd carried with him, 
they had arrived at nearly 
high tide and still had about 
a meter and a half between 
their feet and the water. Un¬ 
less there were to be a storm 
they'd be dry, he thought 

It took about two hours to 
make their way around the 
entire island and return to 
where they'd left their sup¬ 
plies and radio equipment. 
Navi turned on the portable 
radio again to check condi¬ 
tions. The bands seemed 
strangely quiet now. The 
only signal he could copy at 
all was a maritime mobile. 
The freighter was about 
1000 miles off the western 
coast of South America on 
its way to Easter Island. 

They divided up the radio 
equipment, wire antennas, 
tents, sleeping bags, and 
food and water. Dinpoor 
and Navi would set up the 
40- and 80-meter station at 
camp 1 at the east end of the 
island Hator and Putra 
would set up the 20-meter 
station at camp 2 on the 
west end. Ishmod planned 
on rotating between the two 
as needed, although he 
would sleep in Hater's large 
tent. Setting up the camps 
did not go well. Dragging the 


gasoline-powered genera¬ 
tors to opposite ends of the 
island was very difficult and 
many trips had to be made. 
The tent pegs were worth¬ 
less. They couldn't be driven 
into solid rock. Finally, by 
using some of their supplies 
stacked at the corners of the 
tents, they managed to at 
least make some shelter. 

It was very dark before 
they could stop to have 
some supper and talk about 
the beginning of their adven¬ 
ture. With the gasoline gen¬ 
erator running in the 
background and with the 
light of a single camp lan¬ 
tern, the five decided to 
tune the bands just once be¬ 
fore splitting up and getting 
some sleep. They turned on 
the Hammarlund HQ-170 
they'd been lent from the ra¬ 
dio club at the university 
and began to scan across the 
75-meter band. 

While their modest an¬ 
tenna consisted only of a di¬ 


pole suspended about 4 
meters above the island's 
surface by primitive wooden 
tripods, they had expected 
more than the dead quiet 
that greeted them. Navi 
went out to check the 
ground connection to the 
length of copper wire they'd 
thrown into the water. He 
tightened the wing nut an¬ 
other half turn and started 
back to the tent. Off to the 
north he thought he could 
detect a faint silvery glow, 
but it seemed to fade the 
longer he looked at it. 

Back inside the tent, as 
Putra slowly rotated the 
main tuning dial, they heard 
first one voice and then an¬ 
other answering; both were 
speaking in what sounded 
like Slavic. Then almost to¬ 
gether they realized that the 
voices they heard seemed 
not to be coming from the 
speaker in the tent but from 


Continued on page 225 
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lames Yex WB3CQA 
PO Box 566 
Irwin PA 15642 


Don the Dayton Hat-tenna 

Put a cap on your communication problems 
with a rubber duck that's heads above the rest. 


Y our HT and mine prob¬ 
ably have a few things 
in common. For one, there 
is the belt clip, either on the 
HT or its leather case. Its 
purpose, of course, is to 
leave your hands free for 
more important things like 
scrounging through goodies 
at a hamfest or when using 
a speaker-mike. Very con¬ 
venient. 

Another common item is 
the ever-present rubber 
ducky. Its compact design 
is a natural for the HT. With 
the HT on your belt, how¬ 
ever, the antenna location 


can make it very difficult to 
hear others and be heard 
yourself. Very INconve- 
nientl Many of us have uti¬ 
lized the popular Statue-of- 
Liberty mode of operation 
in a last ditch effort to pull 
in that weak signal or make 
ourselves heard on that dis¬ 
tant repeater. 

A couple of years ago, 
while at the Dayton Ham- 
vention, the need for a prac¬ 
tical solution to this prob¬ 
lem became quite apparent. 
Ed WB3LHC, my good friend 
and co-hatcher of strange 
ideas, had fabricated a 



Photo A. WB3LHC putting a Hat-tenna through its paces. 
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quarter-wave whip using 
stainless steel wire and a 
BNC connector. When used 
on the hand-held it was very 
effective both as an an¬ 
tenna and as a means of 
clearing a path through the 
crowded aisles. (If you've 
ever taken a stroll through 
the Hara Arena during the 
hamfest, you'll get my 
point!) 

During an exchange of 
ideas, we saw a few people 
wearing hardhats, presum¬ 
ably to protect them from 
the sun or rain —it has been 
known to rain at Dayton! 
These were similar to the 
safety hats worn by con¬ 
struction workers except for 
one important difference. 


On top of the hat, seeming 
to tower above everyone 
and everything, was a rubber 
ducky! A great idea, but we 
decided it might be a little 
too uncomfortable Be¬ 
sides, I didn't think hardhats 
were too easy to come by. 

The logical alternative 
was to change from a hard- 
hat to a soft cap, and after 
a little experimenting, I went 
ahead with that. 

I found that the antenna 
could be supported easily 
by using brass shim stock as 
a base to which could be 
soldered a BNC connector. 
This also served as an effec¬ 
tive ground plane. Punching 
a 3/8" hole where the two 



Photo B. Strips of shim stock before attachment of the 
BNC connector. Hat size will determine the length of the 
strips. 




Photo C, Connector and strip assembly ready to be placed 
inside of the hat. Be sure the coax can reach at least to waist 
level. 


strips form an X provided 
access to the center con¬ 
ductor. The cable I used is 
RG-174. It's more flexible 
than heavier cable, and its 
small size makes it perfect 
for this application. 

Some patience is needed 


when installing the ground 
plane/connector assembly 
inside the hat. By carefully 
cutting the lining with a ra¬ 
zor. the shim stock can be 
inserted behind the lining of 
the hat. Determine where 
the BNC connector will 



Photo D. Fitting the shim stock under the lining of the hat. A 
piece of fabric or cloth tape can be placed over the exposed 
area. 


come through the top of the 
hat, and cut a small, neat 
hole accordingly. The coax 
is also fed through the lin¬ 
ing to the rear of the hat 
where it exits to drop down 
to your HT; it can be coiled 


up inside the hat when not 
in use. 

Comparisons between 
the Hat-tenna and rubber 
duckies mounted on the HT 
show a noticeable improve¬ 
ment in performance. ■ 
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loseph I. Carr K4IPV 
5440 South 8th Road 
Arlington VA 22204 


Zounds! Grounds! 

Here are the down-to-earth details you need 
to install a perfect ground system. 


E very book on longwire 
or vertical antennas 
stresses the need for a 
good ground. If you have 
ever tried to make an end- 
fed longwire work without 
a good ground, then you 
understand why it is so im¬ 
portant. We are also told in 
countless books and arti¬ 
cles that a good ground is 
necessary to prevent TVI 
and protect against light¬ 
ning. What is left unsaid, 
perhaps assumed to be 
universal common knowl- 


Lp 

Fig. 1. An ungood ground. 


edge, is what constitutes a 
"good" ground. More perti¬ 
nent to most amateurs, per¬ 
haps. is how do we obtain a 
good ground? For most am¬ 
ateurs, the answer is easy 
to achieve. 

What Is Not Adequate? 

One way of defining an 
adequate ground is to de¬ 
scribe situations that are 
not adequate. Some ama¬ 
teurs try to use the third- 
wire ground of the ac pow¬ 
er line serving their shack 
as an rf ground. After all, it 
is grounded, isn't it? Well, 
that depends on what we 
mean by grounded. That 
third wire in the power sys¬ 
tem may be many wave¬ 
lengths from the point 
where it is connected to 
earth ground. To dc and 
low-frequency ac (e.g., 60 
Hz), such a wire is, indeed, 
low resistance. But to rf, 
such a long ground wire is a 
high impedance, so it may 
be no ground at all! 



In addition to high im¬ 
pedance, there is also the 
possibility that wire and 
screw-terminal connec¬ 
tions in the system are cor¬ 
roded. Unfortunately, cor¬ 
roded connections are of¬ 
ten electrically nonlinear, 
and that can produce har¬ 
monics (TVI!). The power 
main, therefore, is not 
good for rf use 
Another form of ungood 
ground is shown in Fig. 1. I 
know an amateur who used 
a 4-foot ground rod driven 
only halfway into the soil 
outside his window. Thus, 
only 2 feet of rod were 
buried. There are at least 
two problems with this sys¬ 
tem. First, the ground rod 
was buried only halfway in¬ 
to the earth. Second, the 
darn ground rod was too 



Fig. 3, A method for improv¬ 
ing ground-rod effective¬ 
ness in very dry or sandy 
soil. 


short in the first place The 
4-foot size is always too 
short, and a 6-foot rod is 
considered marginal The 
best is the 8-toot size, driv¬ 
en into the ground so that 
only 4 to 6 inches show, as 
seen in Fig. 2(a). 

The wire lead between 
your equipment and the 
buried ground rod should 
be low inductance. For this 
reason, small-diameter 
wire is not suitable. Per¬ 
haps best is braid wire, or, 
if braid is too expensive, 
use the shield from a 
length of heavy coax (e.g., 
RG-8 or RG-11). In either 
event, the wire between 
the equipment and the 
ground should be as short 
as possible. 

The electrical connec¬ 
tion between the ground 
rod and the wire must be 
competent both electrical¬ 
ly and mechanically. It 
should go without saying 
that a good electrical con¬ 
nection is first a good me¬ 
chanical connection. For 
this reason, I prefer to both 
sweat-solder the braid and 
clamp it to the ground rod. 
The clamps that come on 
the ground rod are margin¬ 
al, so I use the kind that 
electricians use. The big 
problem with the regular 
clamps is that they are 
fastened with only a slot- 
head screw, and they tend 
to work loose after a while 

The main idea in build¬ 
ing a good ground system 


Fig 2(b). Three ground rods 
Fig. 2(a). The best ground. connected in parallel. 
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is to reduce the impedance 
as much as possible. The 
resistive component of this 
impedance is mostly the 
resistance between the 
ground rod and the earth. 
Therefore, the biggest im¬ 
provement comes from in¬ 
creasing the surface area 
of the ground rod that is in 
contact with the earth. This 
is the main reason why we 
want the ground rod to be 
driven in all the way and its 
length to be 8 feet. 

A way to increase the sur¬ 
face area in contact with 
the earth is to use more 
than one ground rod Fig. 
2(b) shows three ground 
rods connected in parallel; 

I have seen as many as six 
in one system. A method 
shown in a book on light¬ 
ning protection uses five 
arranged with four on the 
corners of a square and 
one in the center of the 
square. 

The 8-foot ground-rod 
length assumes a reason¬ 
ably moist soil (even 
though the surface may be 
dry) If the soil is very dry 
or if it is sandy, then some 
other tactic will be neces¬ 
sary. A method advocated 
for many decades in ARRL 
and other amateur publica¬ 
tions is shown in Fig. 3. The 
idea is to dig a 6- to 8-inch- 
deep trench around the 
ground rod at a radius of 1 
foot or so. The trench is 
filled with a chemical such 
as copper sulphate and 
re-covered. The chemical 
leaches into the soil and 
reduces its electrical resis¬ 
tance. The chemical must 
be renewed every several 
years. 

Another high-surface-ar- 
ea, low-resistance ground 
is shown in Fig. 4. Here we 
see a 1-inch-diameter (or 
larger) copper plumbing 
pipe used as a ground rod. 
These pipes normally 
come in 8-foot and 10-foot 
lengths. Unfortunately, 
copper pipes do not sur¬ 
vive the pounding required 
to drive them into the 
earth. Ordinary ground 
rods are not actually all 



Fig. 4. Copper pipe used as 
a ground rod. 


copper, but are steel with a 
copper coating on the out¬ 
side to reduce the rf resis¬ 
tance The well-known 
“skin effect" makes the rf 
current flow only in or near 
this low-resistance copper 
coating, and very little 
flows in the steel core. The 
steel core, then, can be 
used for strength. 

The 1-inch (or larger) 
copper pipe will yield 
greater surface area in con¬ 
tact with the earth (and if 
we do it right, even the in¬ 
side will be in contact with 
the earth) and so should 
yield a lower-resistance 
ground. The problem is, 
however, that the copper 
pipe is not strong enough 
to be driven into the 
ground. 

Two people gave me 
ideas concerning this prob¬ 
lem. One was a man at our 
church who said he used to 
use a garden hose and wa¬ 
ter pressure to drive the 
pipe into the earth, as 
shown in Fig. 5(a). The end 
of the pipe is beveled 
slightly, and then the water 
hose nozzle is inserted into 
the upper end. This con¬ 
nection must be held tight¬ 
ly by hand in order to build 
up water pressure in the 
pipe. By applying a down¬ 
ward mechanical pressure 
on the pipe while the wa¬ 
ter is applying its pressure 
to drive soil out from under 
the beveled point, the pipe 
will sink into the earth 
rather easily. 

During the period when I 



Fig. 5(a). One method of 
driving copper pipe into the 
earth. 


was writing a monthly col¬ 
umn for Worldradio news¬ 
paper, I discussed this 
method and used illustra¬ 
tions similar to Figs. 4 and 
5(a). A reader wrote in and 
told me that he has been 
using that method for 
many decades of hamming 
and has improved on it a 
bit He demonstrated by 
drawing the method shown 



Fig. 5(b). Improved method 
for driving copper pipe into 
the earth. 


in Fig. 5(b). Here we see a 
copper tee connector at 
the top end of the ground 
pipe. A short (6-inch or so) 
piece of matching copper 
pipe is extended out one 
end of the tee and capped 
to prevent the leakage of 
water (sweat-soldering is 
probably necessary). The 




Fig. 7. Wire mesh ground system. 
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Fig. 8(a). Block diagram of my station. 



other end of the tee also 
has a short piece of match¬ 
ing copper pipe, but this 
one is uncapped in order to 
accept the hose. The pur¬ 
pose of this method is to 
use the short pieces of pipe 
from the tee as handles to 
apply the downward force 
necessary to drive the cop¬ 
per pipe into the earth. 

An alternative method 
shown by my correspon¬ 
dent is shown in Fig. 5(b) as 
an inset. It seems that 
plumbing supply and hard¬ 
ware stores sell faucet nip¬ 
ples that can be sweated 
onto the end of the cop¬ 
per extension piece. This 
would allow you to direct¬ 
ly connect an ordinary gar¬ 
den hose (with the regular 
nozzle removed), thus 
making the job a lot less 
messy. 

If you use a real faucet 
instead of just the thread¬ 
ed nipple as my correspon¬ 
dent suggested, then you 
would have a means of eas¬ 
ily turning the water on and 
off. The assembly would 
look a little weird, but it 
would get the job done! 

The ham who wrote to 
me at Worldradio sent a 
couple of Polaroid pictures 
of him using his rig, but 
they were of too poor qual¬ 
ity to even attempt repro¬ 
duction in the magazine. 
From the pictures, though, 
it appears that he used the 
faucet method. The thread¬ 
ing on the faucet matches 
the threading on the hose 
coupling (after the nozzle 
is removed!), so the hose 
will be easy to attach. After 
the pipe is sunk into the 
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ground, remove the tee 
coupling and save it for an¬ 
other day. 

A vertical is another an¬ 
tenna that requires a good 
low-impedance ground. All 
too many people who at¬ 
tempt to ground-mount a 
vertical antenna will use 
the mounting pipe as a 
ground; that's a no-no. That 
pipe is usually only 2 or 3 
feet long and is not a very 
good ground (galvanized 
steel). 

Fig. 6 shows a method 
for grounding a vertical. 
Adjacent to the antenna is 
an 8-foot ground rod which 
is connected to the ground 
terminal of the vertical 
through a short piece of 
braid or very heavy wire. 
Some people also like to 
use resonant quarter-wave¬ 
length radials (2 to 4 per 
band, or more) connected 
to the ground point. The ra¬ 
dials can be either buried 
or above ground (although 
on city lots the buried vari¬ 
ety might be safer!). The 
radials should be quarter- 
wavelength (i.e., Lf t = 
492/F MHz ). 

The radials form an arti¬ 
ficial ground plane, or 
counterpoise ground, and 
so may be used with a vari¬ 
ety of antennas which re¬ 
quire a good ground. Take 
the longwire, for example. 
An endfed longwire is at 
least a quarter wavelength 
on the lowest band it 
serves. The exact length is 
not critical because the 
longwire is not resonant. 
An antenna tuner (e.g., an 
L-section coupler) matches 


antenna to the (usually) 
low impedance of the 
transmission line. Almost 
invariably, discussions of 
the longwire tell us that a 
good ground is needed (of¬ 
ten without discussing 
what constitutes a good 
ground!). As one who had 
tried to operate longwires 
in the absence of a good 
ground, I can confirm that 
fine advice. 

Unfortunately, the very 
factors which lead us to us¬ 
ing a longwire also prevent 
us from obtaining a good 
ground for the longwire! A 
second-floor ham shack, 
for example, almost never 
allows a good ground be¬ 
cause the ground line is too 
long. Another example is 
temporary and/or portable 
operation. In these cases, 
using two or more resonant 
quarter-wavelength radials 
will work wonders. When 
we first moved into our 
home, we had left all of our 
money with the real-estate- 
settlement attorney, and 
none was left for antennas. 
I was able to get on 15 me¬ 
ters by mounting a Hus¬ 
tler® mobile antenna and 
two radials in a second- 
floor window. Only occa¬ 
sionally, when the band 
was crowded, was I disap¬ 
pointed with the signal 
report. 

Fig. 7 shows the ground 
system used by an old- 
timer I knew many years 
ago. Abe was originally li¬ 
censed in the 20s when, he 
claimed, the ground would 
make or break an antenna 
system. When he bought 
his new house, Abe went 
out before the sod was laid 


down and constructed the 
wire mesh shown in Fig. 7. 
The wires were laid down 
about 2 feet apart, and 
each cross-joint was sol¬ 
dered with 2%-silver lead- 
tin solder. After the wire 
mesh was in place, the sod 
company buried it under a 
layer of sod grass. 

My Ground 

A couple years ago, the 
shack at K4IPV literally be¬ 
came a shack: an 8' x 16' 
Leonard shed in the back¬ 
yard. After the shed was in¬ 
stalled, I set about making 
my first ground-floor ham 
station. Figs. 8(a) and 8(b) 
show the equipment con¬ 
figuration. 

My station has the usual 
lineup of equipment: trans¬ 
ceiver, kilowatt linear, and 
antenna coupler. The cou¬ 
pler, by the way, is a coax- 
to-coax type and is used 
less for impedance match¬ 
ing than for additional at¬ 
tenuation of harmonics. 
The low-pass filter (LPF) be¬ 
tween the transceiver and 
linear is used to reduce har¬ 
monics as much as possi¬ 
ble before amplifying them 
in the linear. I have seen 
some amateurs use a low- 
power antenna coupler 
(e.g., a Drake MN-4) in this 
position. 

The physical layout is 
shown in Fig. 8(b). The op¬ 
erating desk consists of a 
door made into a table. 
Along the back edge of the 
table is a copper strip. 
Sheet copper is specified 
by width and weight. The 1 
pound/ft 2 weight is both 
acceptable and easy to 
work. Copper flashing used 
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Fig. 9(a). Method of bringing the copper flashing outside. 

to be available at all con- both bolted and soldered 
struction supply stores, but to a 1/4-inch copper plate, 
aluminum has taken its Fig. 9(b) shows the detail of 
place. Copper is now found the junction between the 
at specialty metal distribu- flashing and the copper 
tors. Each piece of equip- plate, 
ment is connected to the 

copper sheet by short Soldering to this system 
pieces of braid salvaged can be a bit torturous. I 
from RG-8 (or RG-11) coaxi- suppose that an old-fash- 
a | cable. ioned 500-Watt soldering 

iron would do the trick. In 
Fig. 9(a) shows how the my case, however, a 200- 
copper flashing was then Watt soldering gun was the 
brought outside. The shed biggest available and it 
uses metal skin, which is was insufficient. I instead 
loosened by removing used a propane torch with 
sheet-metal screws. The the Bernz-o-matic solder- 
copper flashing was passed ing tip. The solder was sol- 
under the skin and then id plumber's solder with 




Fig. 9(b). Details of the flashing and copper plate junction. 


paste flux. Warning: use on- tance. Thus, braid or strap 
ly solid solder with resin should be used. Some peo- 
paste or a heavy grade of pie use multiple strands of 
resin-core solder. Some heavy-gauge wire in order 
plumber's solder or paste is to reduce the inductance, 
acid based, and that is a su- These methods will also re- 
per no-no! Acid-core sol- duce the rf resistance of 
der, or acid-based solder- the ground wire. While dc 
ing flux, will corrode the currents flow through the 
joints. entire diameter of a con- 

The connection to ductor, rf currents only 
ground consists of one flow near the surface; this 
8-foot ground rod and four is the so-called skin effect. 
6-foot ground rods driven By paralleling conductors 
(with two weekends of hard or by otherwise increasing 
work) into hard Virginia the cross-sectional area of 
red-clay soil. These rods the ground conductor, we 
are connected in parallel reduce the conductor resis- 
with each other at the tance. 

1/4-inch copper plate. 

Again, very short leads are Conclusion 
used. That a good ground is a 

The term "very short" worthy goal needs little 
keeps popping up when comment. In order to 
discussing ground systems. achieve that goal, we must 
Just what does "very short" be cognizant of the nature 
mean? Is something which of the soil around us and of 

is very short at 80 meters what constitutes a good 

also very short at 10 me- ground. Obviously, a per- 
ters? Not necessarily, be- son operating from a 
cause very short is a rela- desert community will 
tive term comparing a wire have to follow a more rig- 
length to wavelength. In orous path than a person 

general, very short means living in a swamp. In ei- 

"a small fraction of a wave- ther case, it is a matter of 
length." Typically, a length achieving a low-impedance 
should be less than 1/8 path to ground. Some rules 
wavelength. Obviously, a of thumb are: 
ground wire that is very 1. Get as much surface 
short at 10 meters is also of the conductor as possi- 
very short at 80 meters. ble underground. 

Yet, a wire that is also very 2. Use short, low-induc- 
short at 80 meters may well tance ground leads, 
be a good vertical antenna 3. Use a counterpoise 
at 10 meters! ground of quarter-wave- 

In addition to being length radials if the two 
short, an antenna ground above are difficult to 
wire should be low indue- achieve.■ 
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Build the Dixie Whistler 

Adding two-tone SSB analysis to your test repertoire 
is as easy as one, two, tweet 




the most helpful accessories 
for doing your modulation 
testing is the two-tone audio 
generator. When a two-tone 
audio signal is fed through 
an SSB transmitter, a distinc¬ 
tive rf pattern is formed 
which can be analyzed on a 
conventional HF (30-MHz) 
oscilloscope. The two-tone 
rf pattern can be used to 
diagnose most transmitter 
and linear-amplifier modu¬ 
lation problems. In this arti¬ 
cle I'll review two-tone test 
techniques and discuss the 
operation and construction 
of a two-tone audio genera¬ 
tor which includes a sync 
output for stable rf-pattern 
displays. 

Two-Tone Testing 

Fig. 1 shows a typical two- 
tone test setup. The two- 
tone audio signal is fed into 
the microphone jack of the 


Photo B. Typical two-tone test setup. Refer to the text for high-power testing precautions. 


Photo A. Two-Tone Plus is an SSB-transceiver and linear-am¬ 
plifier tuning aid which includes a sync output for stable rf- 
waveform viewing. 


Y our SSB transceivers and 
linear amplifiers are go¬ 
ing to require periodic test¬ 
ing and adjustment if you in¬ 
tend to maintain clean sta¬ 
tion modulation. This is a 
fact of life since amplifier 
tubes change with time and 
even solid-state circuit ad¬ 
justments drift a bit. One of 
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SSB transceiver. The rf out¬ 
put of the transceiver is then 
routed through a linear am¬ 
plifier (optional) and an 
L-pad sampler to a dummy 
load. A low-voltage sample 
of the two-tone rf signal is 
taken from the Sample out¬ 
put of the L-Pad to the verti¬ 
cal input of the oscilloscope 
for display. Take careful 
note of the safety ground in¬ 
terconnecting each compo¬ 
nent that operates from ac 
power and/or interconnects 
high-power rf. The safety 
ground should always be in¬ 
stalled before any equip¬ 
ment is plugged into ac 
power and turned on. 

Photo B shows a typical 
test setup. The L-pad sam¬ 
pler is on the far left and the 
two-tone generator is be¬ 
tween the oscilloscope and 
the transceiver. Photo C 
shows a two-tone pattern in¬ 
dicating clean, linear modu¬ 
lation. Note that the enve¬ 
lope of the two-tone rf pat¬ 
tern appears to be made 
from two sine waves that are 
180 degrees out of phase 
and connected at their zero¬ 
crossing points. Distortions 
in this classic pattern will in¬ 
dicate various modulation 
problems. 

Fig. 2(a) again shows a nor¬ 
mal two-tone rf envelope 
pattern. Fig. 2(b) shows dis¬ 
tortion in the zero-crossing 
portion of the waveform. 
This is usually due to the 
bias current being set too 
low in the final stage of the 
transceiver or linear ampli¬ 
fier. (To determine which, 
test the transceiver by itself.) 
Fig. 2(c) shows clipping dis¬ 
tortion due to overdriving 
the transceiver or linear. 


This type of distortion can 
generate serious "splatter" 
and should be avoided. The 
peak-to-peak amplitude 
where clipping (ALC discon¬ 
nected) begins should be 
used as the maximum peak- 
to-peak amplitude for a 
voice waveform (to assure 
clean modulation). Clipping 
distortion can occur at less 
than rated power if the load 
for the transceiver or linear 
is incorrect, or if the output 
stage of the transceiver or 
linear is not properly tuned. 
Other causes of clipping be¬ 
low rated power include low 
screen voltage, weak finals, 
problems in the audio or 
low-power rf section of the 
transceiver, and power-sup- 
ply problems. 

Incidentally, certain sol¬ 
id-state transceivers do not 
work well with some of the 
older linear amplifiers, espe¬ 
cially those linears with un¬ 
tuned inputs. In such in¬ 
stances, clipping distortion 
or low amplitude will often 
appear only on one side of 
the two-tone pattern, as 
shown in Fig. 2(d). Carrier 
leakage will cause alternate 
waveform peaks to be of dif¬ 
ferent heights, as shown in 
Fig. 2(e), although this is not 
a sensitive test of carrier 
suppression. If the unwant¬ 
ed sideband is poorly sup¬ 
pressed, a ripple component 
will be seen on the two-tone 
pattern. Fig. 2(f) and Photo D 
show a two-tone rf pattern 
due to improper audio tone 
balance. The balance con¬ 
trol on the two-tone audio 
generator should be care¬ 
fully adjusted to produce a 
complete null in the corre¬ 
sponding rf pattern. 



Fig. 2(a). Normal two-tone 
pattern. 



Fig. 2(c). Overdriven ampli¬ 
fier pattern. 


Two-Tone Plus 

Let's now consider the de¬ 
sign requirement of a two- 
tone audio generator. The 
generator should provide 
two low-distortion audio 
tones in the 300-2100-Hz 
frequency range, at least 
1000 Hz apart. The tones 
should not be harmonically 
related, or one of the distor¬ 
tion frequencies (lower 3rd- 
order distortion product) 
will wind up on the carrier 
frequency and create a con¬ 
fusing display. Gain and Bal¬ 
ance controls should be pro¬ 
vided so the generator can 
be adjusted quickly for dif¬ 
ferent transceivers. 

There is one addition¬ 
al feature that would be 



Fig. 2(b). Low amplifier bias 
pattern. 



Fig. 2(d). Cycle loading dis¬ 
tortion. 



Fig. 2(e). Carrier leakage. 



Fig. 2(f). Pattern due to un¬ 
balanced tones (not ampli¬ 
fier problem). 



Photo C. Typical two-tone rf test pattern. Note stable display. 
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Photo D. Two-tone pattern with audio tones unbalanced. 
Not an amplifier problem! Always adjust the Balance control 
for a complete null. 


Photo f. Upper trace shows the composite audio output of 
the Two-Tone Plus generator. Tones are synchronized but are 
not harmonically related. Lower trace shows sync waveform. 
Both tones are harmonics of the sync frequency. 


nice —a sync output for the 
oscilloscope. Otherwise, 
you have to sync on the rf 
waveform itself, which is 
quite touchy and tends to be 
unstable. Trying to sync on 
one of the audio tones 
doesn't work (I tried) be¬ 
cause the rf-envelope-pat- 
tern frequency is equal to 
the difference between the 
frequencies of the two 
audio tones. 

Fortunately, a simple PLL 
(phase-locked-loop) circuit 
can be devised to provide 
two tones that are not har¬ 
monically related but are 
both harmonics of the sync 
output. A few blackboards 
of higher math will quickly 
show that the difference in 
frequency between the 
tones will also be a har¬ 


monic of the sync, which 
means the scope will sync 
(?!) to the two-tone rf pat¬ 
tern 

So much for the theory, 
let's look at the block dia¬ 
gram in Fig. 3. The outputs 
of two sine-wave audio os¬ 
cillators are summed in an 
adder circuit which includes 
the Balance control. The 
output of the adder circuit is 
routed through the Cain 
control to the audio output 
jack. The low-frequency os¬ 
cillator, at about 480 Hz, is 
also converted to a square 
wave and divided by two to 
generate the 240-Hz sync 
output and reference fre¬ 
quency for the PLL. 

Meanwhile, the high-fre¬ 
quency oscillator, at about 


1680 Hz, is divided by seven 
and compared to the 240-Hz 
PLL reference frequency 
The PLL outputs a control 
voltage to lock the 1680-Hz 
oscillator to exactly seven 
times the sync frequency. 
Note that the frequencies of 
the two output tones have a 
3.5:1 ratio, so a direct har¬ 
monic relationship has been 
avoided. Also, the difference 
between the two frequen¬ 
cies is 1200 Hz, the 5th har¬ 
monic of the sync output. 
Photo E shows the two-tone 
audio output and the sync 
output of the generator. 

On to Fig. 4, the schemat¬ 
ic of the generator's analog 
section. A TL084C quad op 
amp (IC1) provides all the 
analog active-device func¬ 
tions. 1C IA and ICI B are 
used as conventional Wein- 
bridge oscillators with tem¬ 
perature-variable resistor 
feedback stabilization (R1 
and R2). R3 and R7 provide 
oscillator amplitude adjust¬ 
ments, and R6 provides a 
fine frequency adjustment 
for the 480-Hz oscillator. Q1 
acts as a voltage-variable re¬ 
sistor and is used to tune the 
frequency of the 1680-Hz 
oscillator by the PLL IC1C 
adds the two oscillator 
tones together, with R15 act¬ 
ing as the Balance control 


The output of the generator 
is taken from the Cain con¬ 
trol. R25 IC1D is used to 
provide a ground reference 
equal to one half of the sup¬ 
ply voltage. SW2 allows re¬ 
mote transmitter keying for 
most transceiver designs. 

Fig. 6 is the schematic of 
the digital section of the 
generator IC2 is a quad 
AND gate which is used for 
several functions. IC2A and 
IC2B are used as Schmitt 
triggers by applying positive 
feedback from their outputs 
through resistors R29 and 
R28, respectively. The 480- 
Hz signal is converted to a 
square wave by IC2B, and 
the 1680-Hz signal is con¬ 
verted to a square wave by 
IC2A. IC3 is a dual divide-by- 
sixteen counter One section 
is used as a divide-by-two 
counter by simply taking an 
output from the first stage 
of division (pin 3). The sec¬ 
ond section is forced to dt- 
vide-by-seven by detecting 
the count of seven with IC2C 
and IC2D and immediately 
resetting to zero The divide- 
by-seven output is taken 
from pin 13. The divide-by- 
two output is applied to the 
reference input of the PLL 
(IC4) and to the network of 
R30 and C6, which creates 
the ramp waveform for the 
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Fig. 4. Analog section. 


sync output. The divide-by¬ 
seven output from IC3 is ap¬ 
plied to the vco input of the 
PLL, pin 3. The PLL control 
voltage is output on IC4 pin 
13. This voltage drives net¬ 
work R31-R32-C7, which ba¬ 
sically sets the dynamics of 
the loop. R33 and C8 pro¬ 
vide ripple filtering for the 
PLL control voltage, which is 
routed back to Q1. R34 and 
R35 provide a test voltage 
for tune-up purposes. 

Construction 

Photo A will give you my 
opinion of a functional 
front-panel layout and 
Photo F some ideas on inte¬ 
rior arrangement. After re¬ 
ceiving many letters asking 


for circuit-board layouts for 
my earlier 73 projects (and 
some coaxing from ye friend¬ 
ly editor), I bit the bullet this 
time and have done circuit- 
board artwork. I must admit 
it speeds up construction. 
Fig. 6 gives you the circuit- 
board artwork 1:1. Fig. 7 de¬ 
tails parts placement. I used 
a #70 bit to drill out the 1C 
pads and a #65 bit to drill 
out the rest. The four mount¬ 
ing holes were drilled out 
with a 1/8-inch bit. 

You should be able to 
build the project on a perf- 
board, or wire-wrap (that's a 
digital term) it if you choose. 
The circuit board in my two- 
tone generator is held in 
place with 4-40 screws, using 


5/8-inch-long aluminum tub¬ 
ing as standoff spacers. The 
tubing has an inside diame¬ 
ter a little larger than 1/8". 
Notice that I recommend 
high-quality 2-Watt poten¬ 
tiometers for the Balance 
and Cain controls. These 
pots don't creep or get 
noisy; they are well worth 
the extra money. 

Tune-Up 

After construction is com¬ 
plete and you have carefully 
checked for solder bridges 
and correct wiring, turn the 
on/off switch to off and in¬ 
stall a fresh 9-V battery. 
Jumper TP4 and TP5 togeth¬ 
er. Set R3, R6, and R7 mid¬ 
range (remember these are 



Fig. 5. Digital section. 


15-turn pots). Center the Bal¬ 
ance control and crank the 
Gain control all the way up. 
Turn the on/off switch to 
"On" and hook your scope 
to TP1. Adjust R3 for a 3-V 
p-p sine wave. At this ampli¬ 
tude there should be no ap¬ 
parent distortion in the sine 
wave, unless the battery is 
flat. Adjust R6 for a sine- 
wave period of just less than 
2.1 milliseconds (480 Hz). 
Amplitude and frequency 
interact a bit so you may 
need to adjust R3 and R6 in 
sequence a couple of times. 

Now look at TP2 and ad¬ 
just R7 for a 3-V p-p output. 
Using TP1 for sync, again 
look at TP2. You should see 
a sine wave "slipping'' 
against sync. Adjust R6 care¬ 
fully until the 1680-Hz sine 
wave seen on TP2 nearly 
stops. Now remove the 
jumper between TP4 and 
TP5. The 1680-Hz sine wave 
should lock in sync within a 
couple of seconds. Now 
touch up R3 and R6 slightly, 
if necessary, for 3-V p-p sine- 
wave amplitudes at TP1 and 
TP2, respectively. Both sine 
waves should be free of dis¬ 
tortion. Check the wave¬ 
form at TP4. It should be be¬ 
tween -0.5 and -1.0 V dc, 
with little apparent ripple. 
Short TP4 and TP5 together 
a couple of times while 
monitoring TP3 to ensure 
that the PLL readily locks. 
Check the Audio output 
jack and the Sync output 
jack for proper waveforms, 
as seen in Photo E. Turn the 
two-tone generator on and 
off several times to ensure 
that it stabilizes and locks 
up reliably. Make any ad¬ 
justments needed. If you 
have any problems, review 
the schematics and the the¬ 
ory of operation for hints. 

You will need to make up 
an audio cable between your 
two-tone generator and your 
transceiver. Of course, there 
is little standardization be¬ 
tween microphone connec¬ 
tors. Refer to your transceiv¬ 
er manual for information. 

L-Pad Power Sampler 

Fig. 8 is the schematic of 
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Photo F. Interior layout of the two-tone generator. Construc¬ 
tion is quick and simple. 


the L-pad sampler and 
Photo C provides a view of 
the internal construction. 
Four pairs of 4.7k, 1-Watt re¬ 
sistors form the series ele¬ 
ment of the sampler, and a 
51-Ohm, 1/2-Watt resistor 
forms the shunt element. A 
single hair-thin strand of 
copper wire from an old 
"zip cord" provides some 
fusing protection in the 
event of a component fail¬ 
ure or circuit fault. 


Because of the power in¬ 
volved, build the L-pad sam¬ 
pler carefully. The circuit 
board used to mount the re¬ 
sistors has a very simple pat¬ 
tern (see Photo C) which can 
be easily etched using mask¬ 
ing tape for resist. Note that 
the resistor sets are spaced 
3/8 of an inch apart. Looking 
at the upper left corner of 
the circuit board, note that 
the clearance between the 
mounting nut and the cir¬ 


cuit-board pattern is 1/4" 
minimum. Note that in the 
lower right corner of the cir¬ 
cuit board, the mounting 
nut provides a ground point. 
A ground wire is also taken 
from this point to the BNC- 
connector ground lug, 
which is fashioned from 
copper shim stock. 

The circuit board in the 
sampler is mounted using 
4-40 screws, with 1/2-inch- 
long pieces of aluminum 
tubing used as standoffs. 
The "fuse" wire must be at 
least 1/2" long. Route it 



away from the mounting nut 
in the upper left corner of 
the circuit board, and from 
the wall of the minibox. The 
heavy wire connecting the 
SO-239 connectors came 
from the center conductor 
of a piece of RG-8 coax. The 
L-pad minibox is a Bud CU- 
3008-A. 

Initial Testing 

Prepare to hook up your 
L-pad to your transmitting 
equipment. Be sure every¬ 
thing is properly grounded. I 
suggest mounting the L-pad 
on an aluminum plate, 
which is in turn wall-mount¬ 
ed. Ground the plate! Do 
not connect the L-pad to the 
scope yet. Connect your 
transceiver to an swr meter, 
the swr meter to the L-pad, 
and the L-pad to a dummy 
load. Starting with low pow¬ 
er (100 Watts or less), key 
down for 30 seconds. The 
L-pad should introduce no 
swr. After key-down, turn off 
all transmitting equipment 
and quickly inspect the inte¬ 
rior of your L-pad. The fuse 
should be OK and nothing 
should be hot. Continue 
testing to full station power. 
If everything has gone well, 
power down all transmitting 
equipment and connect in 
the oscilloscope and two- 
tone audio generator. Be 
sure all safety ground wiring 
is hooked up (refer to Fig. 1). 
Set your scope to one volt/ 
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Photo G. Construction detail of the L-pad sampler. Although 
simple, build the L-pad carefully since it handles high power. 



Fig. 8. L-pad power sampler. All resistors comp, or film (non- 
inductive). Fuse is thin copper strand from zip cord, 1/2" to 
3/4" long. Connect SO-239 connectors with RG-8 center con¬ 
ductor wire. Keep BNC connector 3" away from SO-239s; 
space resistor sets 3/8" apart. Test run sampler at full power 
before connecting to scope. Maximum power 2 kW PEP; 1 
kW CW. Maximum vswr 2:1. 


division. Turn the two-tone 
generator on and allow it to 
stabilize. Be sure the Bal¬ 
ance control is centered and 
the Gain control is turned 
down. Key the transmitter 
from the Xmit switch on the 
two-tone generator and ad¬ 
just the Gain control and 


scope settings for a display 
similar to Photo C. How 
does the modulation look? 
Continue testing to full 
station power. Remember, 
don't go over 2 kW PEP. 
When using the L-pad sam¬ 
pler, don't exceed an swr 
of 2:1. 



Parts Ust 



Circuit Board 
TL084C 

Quad op-amp 1C 

IC1 

1,2 

4081 BE 

Quad AND gate CMOS 1C 

IC2 

1,2 

4520BE 

Dual---16 CMOS 1C 

IC3 

2 

4046BE 

PLL CMOS 1C 

IC4 

2 

MPF102 

JFET 

Q1 

2 

1N914 

Diode 

CR1 

1,2 

RS 272-1141 

12-V-dc, 25-mA lamp 

R1-R2 


43P500 

15-tum, 500-Ohm pot, % W 

R3, R7 

2 

43P5000 

15-turn, 5000-Ohm pot, V. W 

R6 

2 

MY .0337100 

,033-uF mylar™ cap, 100 V dc 

C1-C4 

2 

MY .1/100 

,1-uF mylar cap, 100 V dc 

C6.C8 

2 

R 220/16 

220-uF, 16-V-dc radial elect. 

C5 

2 

TM 4.7/35 

4.7-uF tantalum cap, 35 V dc 

C7 

2 

Other resistors are ±5%, V*-W, metal film. 


Chassis 

CU3007A 

Bud 6" x 5” x 4“ minibox 


local 

CMU5021 

5k-Ohm, 2-W pot 

R15 

2 

CMU1021 

Ik-Ohm, 2-W pot 

R25 

2 

RS 274-323 

Vi”, 3conductor jack and plug 

J1 

1 

RS 278-105 

BNC connector 

J2 

1,2 

RS 275-324 

SPST miniature toggle switch 

SW1-2 

1.2 

Plus hardware, 22 AWG wire, battery, clip, etc 



Suppliers 




1. Radio Shack 



2. Jameco Electronics, 1355 Shoreway Road, Belmont CA 

94002, (415)-592-8097. 



Note: Equivalent components are available from many other 

| suppliers. 





Closing Thoughts 

Some of the newer trans¬ 
ceivers feature tuning con¬ 
trols on the microphone and 
are probably going to be dif¬ 
ficult to interface directly 
through the microphone 
connector. For these rigs, try 
running the two-tone audio 
signal through an amplifier 
and low-distortion speaker. 
Just hold the mike in front of 
the speaker and key up. Not 
ideal, but better than noth¬ 
ing. Many transceivers and 
linears heat up quickly when 


running two-tone tests. 
Don't test too long each 
time, and allow generous 
cool-down periods. Be care¬ 
ful. You can be very serious¬ 
ly burned on high-voltage rf, 
and high-voltage dc shocks 
can be lethal. Use the ut¬ 
most care when testing and 
maintaining your station 
equipment. 

If you would like to ask 
me a question about this ar¬ 
ticle, please send an SASE 
73! ■ 



CW WILL NEVER BE THE SAME! 

The “Kansas City Keyer" Model KC-1 is a microprocessor 
based keyer with 1500 characters of memory, analog and 
digital speed controls, flexible serial no. generator, tune func¬ 
tion, auto space, WPM function, paddle reversal, QRZ loops, 
beacons, variable weighting, editing, plus much more. 

ANYONE CAN USE IT! 

The KC-Vs EPROM contains user-friendly software that 
enables you to utilize all of the system's features with ease. 

Our manual shows you how to automate most of your CW 

contest operating. 

SEND FOR BROCHURE! $199.95 

Send us your name and address for a detailed description of D ,,„. 

the Kansas City Keyer KC-1 and its accessories. , (Spocisl Introductory Price) 

includes cables and power supply 



LANCE JOHNSON ENGINEERING 
P.O. BOX 7363 

KANSAS CITY. MISSOURI 64116 


| Kq keyer 















Dallas Williams WA0MRC 
PO Box 1 

Sedgwick CO 80749 


In Search Of: RTTY 

Experience the mysterious world of RTTY beyond the band edge > 
but beware! Its allure's too great for all but the stoutest of heart. 


O ne of the most fasci¬ 
nating aspects of ra¬ 
dioteletype is monitoring 
the thousands of commer¬ 
cial, military, and govern¬ 
mental broadcasts which go 
on daily outside the ham 
bands. 

Not only can anyone 
copy such services as AP 
(Associated Press) and UPI 
(United Press International), 
which are the two we are 
most familiar with in this 


Since this was written, 
the TASS and Prensa 
Latina services from 
CLN-451 on 14,901 
kHz have been trans¬ 
ferred to CLN-452 on 
14,928. Also, the 
American Republics 
Wireless File after¬ 
noon transmissions 
have been discontin¬ 
ued, and that material 
has been added to the 
morning schedule. 
This was done to 
counter poor propa¬ 
gation to those posts 
not linked by com¬ 
puter net. 


country, but also TASS (Tel- 
egrafnoye Agentstvo Sovet- 
skogo Soyuza) from the 
Soviet Union, AFP (Agence 
France Presse) from France, 
Reuters from England, and 
dozens of others. 

Maybe you would like 24- 
hour weather from just 
about anywhere in the 
world, or to feel like a spy 
and print out embassy com¬ 
munications. (The stuff is in 
code and impossible to read 
but it still gives a feeling of 
excitement.) Maybe you 
would like to practice read¬ 
ing Spanish, French, or 
some other language. It is 
all there between the ham 
bands and easy to copy—if 
you know how and where. 

Equipment 

To receive commercial 
RTTY such as this requires 
the usual amateur RTTY 
equipment and maybe a 
few additions. First, of 
course, you need a good 
general-coverage receiver. 
Those who have one of the 
new transceivers with built- 
in general coverage are all 
set. The rest of us will have 
to make do with something 
else. In general, if the re¬ 


ceiver is stable and selec¬ 
tive enough to do a good 
job on SSB signals, it will 
perform nicely for commer¬ 
cial RTTY. 

I use an old Collins R388 
(with added mechanical fil¬ 
ters) or a pair of Hammar- 
lund SP600/JX17 war-horses, 
and they do nicely. The Col¬ 
lins is the better due to the 
much more accurate fre¬ 
quency readout, something 
that is important when 
trying to locate or identify 
particular stations. For a 
long time I used a BC348 
military receiver. Using a 
big expensive receiver is not 
really required for starting 
out. 

While it would be nice to 
use special antennas, they 
are not necessary. The reg¬ 
ular ham antennas will do 
very well. 

For the terminal unit, the 
regular amateur type will 
work very satisfactorily pro¬ 
vided it can handle shifts 
greater than 170 Hz. Many 
amateur TUs are built only 
for 170 Hz and will be of lit¬ 
tle use. Most commercial 
RTTY transmissions are 425- 
or 850-Hz shift, although a 


small number can be found 
ranging from about 50 to 
over 1000 Hz. 

Selectable sense is a 
must. For the most part, the 
commercial stations are not 
plagued with the interfer¬ 
ence found in the amateur 
bands. For this reason, even 
a simple phase-locked-loop 
demodulator without filters 
will do a surprising job. 

If you use a computer to 
decode the signals, several 
things should be kept in 
mind. First, the software 
should be able to handle all 
speeds from 45 to 74.2 baud 
Murray. (While Murray and 
Baudot are not the same, 
nearly everyone treats them 
the same.) While some AS- 
C11, SITOR, and other 
modes are in use, most of 
the action is still with the 5- 
level Murray code at speeds 
of either 50 or 74.2 baud. It 
seems amateurs are about 
the only ones using 45 
baud. In three years of daily 
monitoring, I have never 
copied a transmission using 
56.9 baud (75 wpm). That 
does not mean 75 wpm is 
unused, but that would ap¬ 
pear to be the case. 

Second, with some sys- 
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terns the length of the stop 
bit can cause problems. 
This is particularly true in 
computer systems that use 
the cassette port as a TU 
and where the stop-bit 
length is determined by a 
machine-language timing 
loop. In these systems, se- 
rial-to-parallel conversion is 
done by machine language 
rather than UART, I faced 
this problem with software I 
had written for the Timex/ 
Sinclair TS1000. The stop- 
bit timing loop would still 
be running while the next 
character was being trans¬ 
mitted. The result was gar¬ 
bage. Dedicated systems do 
not have this problem. Also, 
if the software is written for 
a stop-bit length of 1 or 1.5 
data bits, there should be 
no problems. 

Those who use UART se- 
rial-to-parallel-to-serial up- 
speed converters to drive a 
standard teleprinter should 
also be aware of the stop- 
bit-length problem. The 
UART should be set for the 
shortest stop bit possible, 
usually 1.5. The speed con¬ 
verter will be compatible 
with any signal using a 
longer stop bit. The reverse, 
however, is not true. Nor¬ 
mal 5-level code calls for a 
stop-bit length of 1.5, but 
many military and weather 
transmissions use a stop bit 
equal to 2 data bits. Ob¬ 
viously, timing errors will 
occur on full-speed trans¬ 
missions using a stop bit 
shorter than that of your 
speed converter. 

Actually, there are a 
number of "standard" stop- 
bit lengths. The 60-wpm sys¬ 
tem used by amateurs is ac¬ 
tually 61.3 wpm with a stop- 
bit length of 1.42. Other 
stop-bit lengths include 
1, 1.27, 1.5, 1.97, and 2. 
The standard international 
system of 50 baud (66,6 
wpm —usually called 66 or 
67 wpm) uses a stop bit of 
1.5. However, many of the 
50-baud transmissions en¬ 
countered on the air use a 
stop bit of 2, which is 62.5 
wpm. 

In truth, the wpm figure 


is somewhat meaningless. 
The longer stop bit allows 
the receiving equipment to 
maintain synchronization 
better if the start pulse is 
clobbered by interference. 
This is why most crypto¬ 
graphic transmissions use 
the longer stop bit. One 
missed character could re¬ 
quire the entire transmis¬ 
sion to be repeated. 

If all this sounds confus¬ 
ing, do not worry too much 
about it. But if you have er¬ 
rors in your copy that you 
cannot explain, then you 
might take a closer look at 
the stop-bit lengths in¬ 
volved. 

Another thing to consider 
is the various keyboard lay¬ 
outs in use by the different 
services. Weather services 
have, in the past, had their 
own special keyboard with 
symbols to represent differ¬ 
ent weather conditions. This 
system may still be in use, 
although I have found no 
indication of it. Most for¬ 
eign press services use the 
CITT No. 2 system. If re¬ 
ceived on an American 
Communications system 
(the kind in use by most am¬ 
ateurs), problems can oc¬ 
cur. For instance, with the 
CITT system, a shifted S is 
the apostrophe rather than 
the bell, as on the American 


Communications system. 
This means that every time 
they send an apostrophe 
your bell will ring; do not as¬ 
sume something is wrong 
with your receiving equip¬ 
ment. 

Those with a standard 
American Communications 
keyboard (or software) and 
an active bell in their sys¬ 
tem will soon find it desira¬ 
ble to disconnect it, 
especially when receiving 
some French transmissions. 
French transmissions are 
not the only problem, how¬ 
ever, as many press services 
use a double apostrophe in 
place of quotes. This is be¬ 
cause the CITT system has 
no quote key; it has a plus 
sign in its place. 

While I am set up to use 
the computer as a RTTY 
monitor, in practice I prefer 
the old teleprinter machine 
to do most of the work. 
While it is noisy, I am not 
locked into a given amount 
of memory. Thus, I can set 
up on a service, print eight 
hours worth, and read it at 
my leisure. TTY paper is far 
cheaper than paper for the 
line printer. Also, it does not 
tie up the computer for long 
periods of time when I 
could be using it for some¬ 
thing else. It is the best of 
both the old and the new 


Tuning 

Tuning commercial RTTY 
transmissions is much the 
same as tuning amateur sig¬ 
nals, with one possible ex¬ 
ception. If you have 
depended on your ears as a 
tuning guide for amateur 
signals, you will find that 
things sound different This 
is because the commercials 
use a wider shift. It should 
not take long to get to the 
point where you will be 
able to recognize the shift 
just by hearing the signal. 
An oscilloscope is still the 
best tuning aid. 

If after tuning in the sig¬ 
nal properly and identifying 
the shift being used the re¬ 
sulting readout is garbage, 
then several things could be 
wrong. The first is that your 
equipment may be set for 
the wrong speed. Change 
speeds and try again (After 
some practice you should 
be able to identify the 
speed just by ear.) If chang¬ 
ing speeds does not clear up 
the copy, try changing the 
sense. Some combination of 
speed and sense will usually 
yield good copy —if the 
transmission is printable. 

Finding a Signal 

Now that everything is 
ready to go, where do you 
look for a signal? Probably 
the easiest to receive are 
the WBC weather transmis¬ 
sions from Miami, Florida. 
These are on 24 hours a day 
on over a dozen frequen¬ 
cies. Try 8105, 8130, and 
8140 kHz. These are usually 
best in the evening and at 
night. The 8140-kHz 
frequency is taken over 
around 0700 UTC by Cas¬ 
tro's propaganda arm, 
Prensa Latina (PL), so be 
forewarned. 

The weather reports are 
sent at 74.2 baud (100 wpm) 
with a shift of 850 Hz. Most 
are in weather code, which 
is not readable without a 
key (available at most large 
libraries), but you will be 
able to tell how well your 
system is working by using 
these stations. Like most 
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ADN—Allgemeiner Deutscher Nachrlchtendienst (East Ger¬ 
many) 

ANA—Aden News Agency (Yemen) 

ANGOP—Agencia Angola Press 
ANSA—Agenzia Nazionale Stampa Assoc. (Italy) 

APN—Agentstwo Petschato Novostl (USSR) 

CNA—Central News Agency (Republic of China) 

DIPLO PARIS—French Ministry of Foreign Affairs 
DPA—Deutsche Press Agentur (West Germany) 

DYN—Oiarios y Noticias (Argentina) 

KCNA—Korean Central News Agency (North Korea) 

KUNA—Kuwait News Agency 
MAP—Mutual Arab Prass (Morocco) 

NA—Noticias Argentinas 
PAP—Polska Agencja Prasowa (Poland) 

SAPORITI—Agencia Noticlosa Saporlti (Argentina) 

SUNA—Sudan National News Agency 
TANJUG—Telegrafska Agencija Nova Jugoslavia (Yugo¬ 
slavia) 

TELAM—Agencia de Noticias Telam (Argentina) 

VNA—Vietnam News Agency 

XINHUA—New China News Agency (People's Republic of 
China) 

YONHAP—Yonhap News Agency (South Korea) 

Fig. 1. Foreign press services. 
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commercial and press sta¬ 
tions, they do not transmit 
data continuously, so for 10 
or 15 minutes at a time you 
may hear only a mark car¬ 
rier. Since these three sta¬ 
tions do not transmit the 
same data at the same time, 
if one is idle, try another. 

For news with a different 
slant, try the PL transmis¬ 
sion at 0700 UTC on 8140 
kHz. It is in English with a 
speed of 50 baud and 425- 
Hz shift. Other active PL 
frequencies are 14,901 and 
16,348 kHz. Daily sign-on 
for these latter frequencies 
is around 1730 UTC (it 
changes from day to day) 
with “news" in English for 
Central America. Cuban 
transmissions are not 
known for their stability 
and may disappear in mid¬ 
sentence. The English is rot¬ 
ten and misspelled words 
abound—don't blame your 
equipment. 

The Cubans also relay a 
TASS English transmission 
on 14,901 kHz. This starts 
around 1200 UTC and con¬ 
tinues until the sign-off — 
usually between 1600 and 
1700 UTC. TASS has far 
more polish than PL and the 
English is much better. 
While all of these transmis¬ 
sions are normally 50 baud 
with 425-Hz shift, don't be 
surprised if one shows up at 
170-Hz shift or if the sense 
changes from day to day. 
Even the speed has been 
known to change. (As I write 
this they are using 45 baud!) 
The signal also may drift or 
even suddenly shift fre¬ 
quency by several hundred 
Hertz and just as suddenly 
shift back minutes later. 

The Cubans (or at least 
my limited Spanish leads 
me to that conclusion) also 
operate several other ser¬ 
vices, Prensa Minrex and 
what is labeled Embacuba. 
These seem to have no set 
schedule or frequency 
Sometimes they appear to 
be the same Usually the 
transmissions contain Span¬ 
ish text and/or messages 
made up of 5-number code 
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WBC-National Weather Service (USA) 

JM1—Japan 

333—USSR (from RVW 53) 

AMMC—Australia 

Fig. 2. Examples of weather service identifier codes. 


groups. Another that seems 
to be Cuban uses the mili¬ 
tary-type callsign DIME. 
Transmissions are in Span¬ 
ish and have been copied 
changing speed in mid-sen¬ 
tence. 

For serious copying of 
weather transmissions, the 
unshift on space (USOS) 
function should be turned 
off. Since both weather and 
the coded traffic of embas¬ 
sies (and the like) are nearly 
all in number groups, it is 
far easier to read if it is 
printed properly. Most of 
the transmissions appear to 
be sent with the assumption 
that the receiver does not 
have USOS. For the press 
services, however, using the 
USOS corrects more errors 
than it causes. 

The USOS should also be 
used when copying traffic 
transmitted in the Cyrillic 
alphabet used by the USSR 
and other countries. With¬ 
out USOS, most Cyrillic 
transmissions look like so 
much garbage. With USOS, 
however, it is possible to 
read a word now and then 
and maybe even get an idea 
of what the traffic is about. 
Cyrillic transmissions come 
in two types: 2 level and 3 
level. The 2 level is just like 
the regular keyboard with 
upper and lower case, al¬ 
though the characters are 
much different. The 3 level, 
which appears to be the 
most common, has a sec¬ 
ond additional shift allow¬ 
ing access to another group 
of characters. The regular 
Murray machine prints 
these extra characters as 
numbers or punctuation. 

To receive some of these 
Russian stations, try 16,700 
kHz plus or minus 10. If 
propagation is good, several 
can usually be heard. 
Nearly all use 170-Hz shift 
I have noticed several 
strong Russian stations 
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around 12,500 kHz, also. 
Recently copied callsigns 
include UWFW and UEFZ. 
Much of the traffic will 
have easily-readable tags 
such as Radio Murmansk 
and Odessa Radio. 

If you would like to prac¬ 
tice your Spanish, there are 
a number of easily-copy- 
able signals available. The 
easiest to receive (at least at 
this location) are the AFP 
Paris transmissions relayed 
via New York or, depending 
on the frequency, Marti¬ 
nique. These run sporadical¬ 
ly throughout the day. Try 
15,908 kHz for the New 
York relay (via WEY 35) and 

16.183 kHz for the Marti¬ 
nique relay (via FZF 62). The 
Martinique transmission is 
supposed to be in Portu¬ 
guese for Brazil, but it looks 
like Spanish to me. Also, the 
Martinique signal may be 
difficult to tune, as a direct 
Spanish transmission from 
Paris can be heard on 

16.184 kHz. All of these use 
50 baud with 425-Hz shift. 
AFP has also been copied in 
French on 18,669 and 15,978 
kHz, and in English on 
15,977 kHz, among others. 

Reuters, the British news 
service, can often be copied 
on both 18,334 and 18,336 
kHz, although the condi¬ 
tions are not very good at 
this location. Those on the 
east coast can probably re¬ 
ceive them better. I have re¬ 
ceived them as early as 
1500 UTC. They use 325-Hz 
shift. Another frequency to 
try is 10,959 kHz around 
0400 UTC. 

UPI in English from Hong 
Kong can be copied on 
19,520 kHz when propaga¬ 
tion is favorable. I have had 
the best luck during the late 
evening and early morning 
hours. AP and UPI transmis¬ 
sions are hard to find, as 
most have been shifted to 
satellites. 


The United States Gov¬ 
ernment also has a RTTY 
press service. Depending 
upon which one you re¬ 
ceive, it can be called the 
VOA (Voice of America), 
USIS (United States Infor¬ 
mation Service, aka United 
States Information Agency), 
the African File, the Asian 
File, and for South America, 
ARF (American Republics 
Wireless File. In any case, 
all come from the USIA in 
Washington. 

These transmissions, un¬ 
like most foreign govern¬ 
ment press services, do not 
seem to be aimed toward 
the general public but to 
USIA posts in the target 
area. Much of the material 
is "for mission staff only 
and not for publication/' 
The rest of the material is in 
English and is then repeated 
in the languages of the tar¬ 
get area. Several times a 
month they list job open¬ 
ings within the agency 
along with media reports 
and other "inside" informa¬ 
tion. Also, unlike most press 
services, these use 74.2 
baud. Because of this 
speed, you can expect a 
higher error rate in your 
copy. The shift is usually 
425 Hz, but this seems to be 
slightly variable. Some of 
the transmissions appear to 
be about 80-Hz shift and 
multiplexed and transmit¬ 
ted on independent side¬ 
band with VOA SSB feeder 
transmissions. 

ARF begins "sked 2" at 
about 1715 UTC on 14,638 
and 18,542 kHz, among oth¬ 
ers (I have never found 
"sked 1"—if there is one— 
and recently I noticed they 
dropped the "sked 2" intro¬ 
duction label.) These are 
74.2 baud at 425-Hz shift. 
The transmissions open 
with about 15 minutes of 
RY tester and callsigns. 
"Sked 3" begins at 2015 
UTC using the same format 
and frequencies. 

Overseas VOA transmis¬ 
sions can be copied on a 
number of frequencies. 




10,408—6VU (Dakar, Senegal) 50 baud/425, nightly 
13,487—ANSA (in French and English) 50 baud/425, 1800 
UTC 

14,508—D4B (Cape Verde) 50 baud/850,0000 UTC 

14,630—ANSA (in French) 2000 UTC 

14,640—ZAMINI PRAHA (Czech embassy traffic) code 

groups, 74.2 baud/425,1900 UTC and others 

14,700—TASS (in English) 1800 UTC 

14,880—JMG weather (Japan) 50 baud/850 

15,693—ANSA sign on at 1500 UTC 

15,724—ANSA sign on at 1500 UTC 

15,962—LOL (Argentine Navy) 50 baud/425, sporadic 

15,996—DPA (in English) 1630 UTC 

16,106—DIPLO PARIS (FZF61) daily during week 

16,137—RCC Havana, daily, sometimes with cable traffic 

16,187—4UZ (United Nations) 74.2 baud/425, sporadic 

16,417—ADN (in Spanish) 2000 UTC 

16,440—WBC weather 

16,932—CCS (Chilean Navy) 50 baud/850, sporadic 
17,610—YBU (unknown) appears weekdays at 2200 UTC. 
Sign on with ID and QTC number sent via FSK CW followed 
by coded RTTY. 

18,550—NBA (US Navy, Panama) 74.2 baud/850, sporadic 
18,650-PAP (Poland) 1700 UTC 
18,765—WBC weather 

Fig. 3. Some active frequencies. All frequencies are in 
kilohertz. 


among them: 5460, 7442, 
10,972, and 13,995 kHz. 

Identifying the Service 

Sometimes, identifying 
which news service you are 
copying can be difficult. 
Most, however, will begin a 
news item something like 
this: 

NEW YORK JULY 17 
(TASS)—THE UNITED NA¬ 
TIONS. .. 

This makes the news service 
easy to identify—if you 
know that TASS is one of 
the Russian agencies. Some 
are not that easy. A list of 
agencies and the countries 
involved is given in Fig. 1. It 
is by no means complete 
but should give the first¬ 
time monitor a good start at 
identifying a news service. 

I have been able to copy, 
during the past year, all of 
the agencies in Fig. 1. With 
favorable propagation, they 
should be easily copied. 

Identifying weather trans¬ 
missions is not as easy as 
press services. Some, when 
not sending weather data, 
will slip in a few RYRYs and 
an ID. Most do not. Some 
do use a special code at the 
beginning of each message. 
If this code is known, then 
the station can easily be 
identified. Fig. 2 gives a few 
examples of these codes. 

Some stations alternate 
RTTY data with FAX and 
some carry other traffic be¬ 
sides weather. If you know 
how to read the reporting 
codes used to identify the 
weather station that is re¬ 
porting the data, then you 
can get a pretty good idea 
where a transmission is 
coming from. The book 
needed to do this is called 
National Weather Service 
Communications Hand¬ 
book Number 4: Index 
Numbers for North and 
Central America, the Carib¬ 
bean, and U.S. Stations in 
the Pacific. The book also 
contains a condensed list¬ 
ing of worldwide index 
numbers. 


Number 2: Surface Synop¬ 
tic Codes, will help to de¬ 
code the weather data. 
Both books should be avail¬ 
able at larger libraries. The 
weather code, by treaty, is 
-used worldwide. At this 
writing, some changes are 
being made in the format of 
the reports, but the codes 
should remain unchanged. 

It should be noted that 
while the US and Canada 
use 74.2 baud for weather 
transmissions, most of the 
rest of the world uses 50 
baud, with 850-Hz shift 
being the most common. 

As a rule, military trans¬ 
missions are not printable, 
but many stations can be 
identified when they run 
tests in the clear. Also, a 
goodly amount of unclassi¬ 
fied traffic is transmitted in 
the clear and is copyable. 
This seems to be especially 
true during exercises that 
"they” want "someone 
else" to monitor. The best 
time to catch military sta¬ 
tions seems to be the week¬ 
ends. Then they usually 
have no traffic and occupy 
the frequency with an ID 
and RY or SC tester. 


variations in testers used by 
the commercial stations. 
The standard QUICK 
BROWN FOX is used fre¬ 
quently but may have a 
word or two changed or 
added. Diplo Paris uses a 
French tester: VOYEZ LE 
BRICK GEANT QUE J'EX- 
AMINE PRES DU WHARF, 
which loosely translates to 
"see the big ship I am in¬ 
specting at the wharf." 
Probably the most interest¬ 
ing tester is OF ALL THE 
FISHES IN THE SEA, THE 
MERMAID IS THE ONE 
FOR ME. Not all stations 
use RY testers, either. Some, 
especially South American, 
use SG. Many US military 
stations use a combination 
of both. At least one station 
(YBU) uses the shifted RY 
tester, 46. 

Callsigns can look a little 
strange if you are not used 
to them. Some examples: 
Y7A63 (East Germany), ZVK 
(Brazil), JAN24 (Japan), MSS 
(Belize), C8J (unknown), IT 
(unknown), RETJXX (Spain?), 
FTU8B (France), and the 
like. "RCC Habana" is not a 
Russian in Cuba. RCC 
stands for Radio Corpora¬ 
tion of Cuba. 

Fig. 3 is a list of some fre¬ 
quencies that have been ac¬ 


tive at this writing. 
Frequencies given are close 
but may vary one or two kil¬ 
ohertz due to the offset of 
the receiver used. Also, 
some services seem to shift 
frequency slightly on an ir¬ 
regular basis. I tried to use 
the mark frequency, but 
that did not always work 
out. 

Most of the stations in 
Fig. 3 should be easy to re¬ 
ceive. It is only a small sam¬ 
ple of what can be copied. 
If no baud rate and shift are 
given, then assume 50/425. 
The times given are approx¬ 
imate and are not necessar¬ 
ily times when the station 
may appear. They are, how¬ 
ever, times that my log 
shows they were there. 

There are a number of 
good RTTY frequency-list¬ 
ing books available and the 
serious monitor should have 
at least one or two. Since 
frequencies, times, sense, 
and speed may change 
from day to day, no book or 
listing can be completely 
accurate. But they still can 
be of enormous help. 

Conclusion 

Do not expect every 
RTTY signal heard to yield 
something printable. At 
least half of the transmis¬ 
sions found on the air will 
not print at any combina¬ 
tion of speed, sense, or 
shift. Many are not 5-level 
codes, some use bit inver¬ 
sion and/or bit shifting (a 
nice challenge for those 
who want to change their 
software), some use SITOR, 
some use various forms of 
multiplexing, and some ap¬ 
pear to be downright scram¬ 
bled. 

Sometimes it is hard to 
tell just what is what. Some 
languages are hard to iden¬ 
tify. I have some stuff I 
have copied that no one yet 
has been able to identify, 
after six months of asking! 

That is all part of the fun 
of monitoring RTTY trans¬ 
missions outside the ama¬ 
teur bands. 

Good Luck! And good 
hunting! ■ 


A second book, Federal Testers and Callsigns 
Meteorological Handbook There are a number of 
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Take a Hike 

Combine a regulated power supply with a lightweight 
rechargeable battery. Add a smart control system. 
The result? Incredible versatility! 


lack Ceist N3BEK 
2205 Henderson Avenue 
Silver Spring MD 20902 


T he general availability 
of small, lightweight, sol¬ 
id-state transceivers has made 
truly portable ham-radio op¬ 
eration possible. What is 
needed to complete the pic¬ 


ture is a lightweight, com¬ 
pact, easy-to-handle twelve- 
volt power source that can 
be plugged into 60-Hz pow¬ 
er where available or will 
supply power from a storage 
battery when commercial 
power is not available. 

Any voltage-regulated 
power supply in the three- to 
five-Ampere range that can 
be adjusted to near 15.5-volt 
output and a fourteen-Am¬ 



Photo A. Power supply and control box mounted on one side 
of plywood frame. 
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pere-hour motorcycle bat¬ 
tery integrated with battery¬ 
charging and switching cir¬ 
cuits will meet this need. A 
power supply and battery of 
these ratings can be easily 
lifted and carried. The pow¬ 
er supply will charge a ful¬ 
ly-discharged fourteen-Am- 
pere-hour battery in a rea¬ 
sonable time, and either the 
battery or power supply will 
carry the load of a portable 
rig (such as a hand-held 
transceiver and rf power am¬ 
plifier). Appropriate inte¬ 
grating circuitry and a pack¬ 
aging design concept unique 
to this application will be 
described. 

The Lead-Acid Battery 

Hams have become well 
acquainted with small com¬ 
pletely sealed nicad bat¬ 
teries. The lead-acid battery 
is a different animal. Al¬ 
though there is one in every 
automobile, they are not ex¬ 


actly common household (or 
ham-shack) items. A few 
words of advice and consid¬ 
erable caution are in order: 

• Use extreme care in han¬ 
dling batteries. Electrolyte is 
highly corrosive and will 
cause serious burns to the 
skin. Wear safety goggles 
when handling electrolyte. 
When diluting sulphuric acid, 
always add acid to the wa¬ 
ter— and do it slowly. If wa¬ 
ter is added to acid, heat gen¬ 
erated in the mixing will 
cause boiling and splat¬ 
tering. 

• Fully charging a lead- 
acid battery causes some hy¬ 
drogen and oxygen to be 
vented as a result of electrol¬ 
ysis. Charge batteries in 
open, well-ventilated space. 
Do not smoke or expose a 
flame or electric spark near a 
battery being charged. 

It is safe to charge an au¬ 
tomobile or smaller battery 
in an open, well-ventilated 



Fig. 1. 14-Ab motorcycle battery charging characteristics. 








room, particularly with the 
constant-voltage method, 
since the decreasing current 
as full charge is approached 
results in only modest gas¬ 
sing, Even so, smoking in the 
vicinity of a battery being 
charged is not advisable. 

It is desirable to have a hy¬ 
drometer available for check¬ 
ing the specific gravity of 
the battery electrolyte and 
to use for replacing water 
lost by electrolysis. Use only 
distilled water to bring elec¬ 
trolyte up to the proper lev¬ 
el. Small hydrometers suit¬ 
able for the small filler holes 
in motorcycle batteries are 
available from auto-parts 
stores and cycle shops. Take 
deliberate care when using 
the hydrometer —tiny splat¬ 
tered drops of electrolyte 
cause nasty corrosion spots 
on instruments and equip¬ 
ment and surprising "moth 
holes" in clothing. 

Motorcycle batteries are 
well suited to the power- 
module application. Their 
filler holes are sealed, and 
all cells are vented through 
one opening and a piece of 
flexible plastic hose. Al¬ 
though not intended for 
deep discharge applications, 
they will, if properly main¬ 
tained, give good perfor¬ 
mance and long life in ama¬ 
teur-radio service. Unlike ni- 
cads, lead-acid batteries do 
not have a memory; they 
can be discharged to any 
level and recharged from 
that level. Low-current over¬ 
charging is not harmful and 
is used normally to ensure 
maintaining 100% charge. 
Hence the charge cycle 
does not have to be careful¬ 
ly timed. Except for the acid 
electrolyte, lead-acid bat¬ 
teries are quite friendly. 

Control and 
Switching Circuits 

Control and switching cir¬ 
cuits for the power module 
must perform the following 
functions: 

• Charge a completely dis¬ 
charged battery in a reason¬ 
able time 

• After charge, supply a 
low-current trickle-charge 


whenever the power supply 
is energized 

• Supply equipment power 
at a voltage of 13 to 14 

• Select either power sup¬ 
ply or battery power 

• Disconnect the power 
module from the load 

Consider first the battery¬ 
charging function. The in¬ 
structions supplied with mo¬ 
torcycle batteries specify 
constant-current charging 
with current values of ap¬ 
proximately one-tenth the 
Ampere-hour rating for peri¬ 
ods of from 10 to 16 hours. 
With the power supply as a 
charger, constant-voltage 
charging must be used (as 
is standard for vehicular 
charging equipment). In 
constant-voltage charging, 
the charging current is sever¬ 
al times the constant-cur¬ 
rent value at the beginning 
of charge and tapers to a 
fraction of the constant-cur¬ 
rent value for the last 35% 
of the total charging time 
(while the battery is receiv¬ 
ing the last 10% to 15% of 
charge). A charging voltage 
of 15.5 will fully charge the 
battery in nearly the same 
time specified for constant- 
current charging. 

With a charging voltage 
this high, the initial current 
must be limited to prevent 
damage to the power supply 
and to prevent shortening 
the life of the battery. Cur¬ 
rent limiting can be pro¬ 
vided with a low-value series 
resistor. 

Total charging time can 
be considerably reduced if 
the resistor is nonlinear so as 
to provide a high resistance 
when passing high values of 
current and practically no 
resistance at low current By 
a happy coincidence, a stan¬ 
dard 6-volt, 24-Watt, high-in¬ 
tensity incandescent lamp 
(no. 1133) has a resistance 
characteristic exactly suited 
to a 14-Ah battery being 
charged at 15.5 volts. With 
the lamp as a series resistor, 
charging is accomplished 
with the "constant-voltage, 
current-limited" method 

A graph of the charging 
characteristics of a com- 



Photo B. Motorcycle battery isolated from electronic equip¬ 
ment by vertical member of frame. Battery is mounted in 
shallow well and secured at the top with an aluminum-wire 
bracket. All cells are vented through the plastic tube on the 
side of the battery and directed away from the frame. 

pletely discharged 14-Ah final current is too high for a 
battery is shown in Fig. 1. trickle charge, but a lower 
Charging current limited to charging voltage would pro- 
2.4 Amps approaches a con- long charging time, There- 
stant 0,4 Amps in 15 hours, fore, a means of reducing to 
Complete charging requires trickle-charge current must 
about 18 hours. The 0.4-Amp be provided. (Will anyone 



Fig 2. Power-module control circuits. 
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FAST CHARGER 

for Kenwood TH21, TH31, TH41 
HANDHELD 

2-METER TRANSCEIVERS 

INTRODUCTORY 
PRICE 

$ 44.96 


Features: 

• Charges in 15 minutes 

• Constant Current 

• Automatic Voltage 

• Battery doesn’t heat-up 

• 12v-14vde input. 

• Charge from any point in discharge cycle 
without developing “memory” 

• Proven in daily use 

Charge-Rite 

2889 NE 26 Place 
Ft. Lauderdale, Florida 33306 





Selling 73 for Ra- 

, dio Amateurs will 

~make money 
Consider the 

Fact #1: Selling 73 for Radio Am- 
ateurs increases store traffic—our 
dealers tell us that 73 for Radio Amateurs 
is the hottest-selling amateur radio magazi ne 
on the newsstands. 

Fact #2: There is a direct correlation between store 
traffic and sales—increase the number of peoplecoming 
through your door and you’ll increase sales. 

Fact #3: Fact#1 + Fact#2 = INCREASED$ALE$,which 
means more money for you. And that’s a fact. 


For information on selling 73 for Radio Amateurs, call 
800-343-0728and speak withourdirect sales manager. Or 
write to 73 for Radio Ama teurs, 80 Pine St., Peterboroug h, 
NH 03458. 


73 


for Radio 
Amateurs 


80 Pine Street Peterborough. NH 03458 


800-343-0728 


The number of Ampere- 
hours delivered by a fully- 
charged battery depends on 
the value of the load cur¬ 
rent A 14-Ah motorcycle 
battery under a continuous 
average load of one Amp 
delivered approximately 14 
Ampere-hours when dis¬ 
charged to ten volts. With 
an average load of two 
Amps, the output dropped 
to 13 Ampere-hours. A con¬ 
tinuous load to full dis¬ 
charge is not representative 
of battery operation in ama¬ 
teur-radio service. A more 
typical test was run with a 
repetitively-cycled load of 
3.2 Amps (transmit) for 3 
minutes followed by 125 mA 
(receive) for 9 minutes. The 
reults of this test are plotted 
in Fig. 4, showing the battery 
voltage at the end of each 
light- and heavy-load cycle 
The heavy-load curve 
shows the precipitous drop 
in voltage characteristic of 
the lead-acid battery after it 
reaches about eleven volts. 
When the battery was fully 


discharged by the 3.2-Amp 
load, the heavy-load cycle 
was reduced to 1 Amp, after 
which a useful value of volt¬ 
age was delivered for an ad¬ 
ditional half hour. At the 
end of the fourteenth hour, 
the load was reduced to 125 
mA continuous, the load of 
a hand-held transceiver op¬ 
erating on a "mobile stand " 
After a half hour on this 
load, the transceiver deliv¬ 
ered rated two-Watt output 
with the battery voltage at 
10.5— there was still some 
usable charge available. 
This discharge performance 
represents a lot of HF, QRP, 
or VHF operation. 

The contribution to this 
project made by Jim King 
WB3JZI is gratefully ac¬ 
knowledged. The original 
idea for the portable power 
module was his. He sug¬ 
gested the battery-charging 
circuit, supplied some parts, 
and helped with testing 
along the way to the final 
design. Also, photography is 
by Jim King.B 


MOVING? 

SUBSCRIPTION 

PROBLEM? 

Get help with your subscription by 
calling our new toll free number: 

1 - 800 - 645 - 9559 * 

between 9 a.m. and 5 p.m. EST, 
Monday-Friday. 

If possible, please have your mailing label 
in front of you as well as your cancelled 
check or credit card statement if you are 
having problems with payment. 

If moving, please give both your 
old address and new address. 

* New York Slate residents call i-800-732-9119. 
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and test equipment used by ham radio 
operators, hobbyists, scientists, en¬ 
gineers, laboratories and government 
agencies. Call or write tor your tree copy 
today 


73 does not keep subscrip¬ 
tion records on the premises, 
therefore calling us only 
adds time and doesn’t solve 
the problem. 

Please send a description 
of the problem and your 
most recent address label to: 


Subscription Dept. 

PO Box 931 

Farmlngdale, NY 11737 
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Free Antenna Accessories Catalog 

i Coaxial Antenna Relays 

Remotely select up to 9 antennas 
from your transmitter, using only one 
coaxial cable. Environmentalized, high 
power and low loss 


W2AU and W2DU Baiuns ► 

Our baluns. center insulators and in¬ 
sulators have been preferred for 20 
years by Hams, industry, and the armed 
forces. Protect against TVI and lightning 


< W2VS Antenna Traps 

get low SWR on 2 to 6 bands, depen¬ 
ding on how many you add. Antenna 
wire and custom kits also available. 


Send For Yours Today ► 

Don t delay. Call or write today, and 

fully describes our Ham antenna ac¬ 
cessory product line. 

Dealer inquiries also welcome. 



1,8-200 MHz 



V* 



Toll Free 1-80044^1666^ 
NY/Hl/AK/Canada (Collet 


|WX 710-541-0493 
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EVERYTHING FOR THE LISTENER! 


* Shortwave Receivers 

* Scanners 


k Tuners > 

* Converters -.O 


f # 1 


* Antennas 

* Coax 

* Publications 


SEND FOR YOUR FREE CATALOG TODAY! 
P.O. Box 98, Brasstown, NC 28902 
704-837-9200 


TEST EQUIPMENT 

RE-CONDITIONED AND 
LAB CALIBRATED 

HP606A SIGNAL GENERATOR 50 KHZ TO 65 MHZ 0 1 
MV TO 3V INTO 50 OHMS, 400/1000 HZ M0DULA 

TION. CRYSTAL CALIBRATOR.$375.00 

HP608C SIGNAL GENERATOR 10 MHZ TO 480 MHZ 
0.1 MV TO IV INTO 50 OHMS. AM/CW OR PULSE 
MODULATION, CALIBRATED ATTENUATOR . 345.00 
HP614A SIGNAL GENERATOR 900 TO 2100 MHZ 0.5 
MV TO IV INTO 50 OHMS, INTERNAL OR EXTERNAL 
PULSE OR FM MODULATION CALIBRATED 

OUTPUT.345 00 

HP618B SIGNAL GENERATOR 3.8 GHZ TO 7.6 GHZ 
0.1 MW TO .1 V INTO 50 OHMS, CALIBRATED OUT' 
PUT. INTERNAL OR EXTERNAL PULSE OR FM MODU¬ 
LATION AND SQUARE WAVE MODULATION .375.00 
URM-25 SIGNAL GENERATOR 10 KHZ TO 50 MHZ, 
AM/CW MODULATION. 400 4 1 KHZ. RF OUTPUT 0-2 
V OR 0-1 V PRECISION 50 OHM STOP ATTENUATOR. 

SMALL PORTABLE UNIT.245.00 

URM-26 SIGNAL GENERATOR 4 MHZ to 405 MHZ 
CALIBRATED OUTPUT 0 TO 2 V. MODULATION 
400/1000 HZ, CALIBRATED OUTPUT ATTENUATOR. 

SMALL COMPACT SIZE.245.00 

TS-510A/U SIGNAL GENERATOR 10 MHZ to 420 MHZ. 
AM/CW OR PULSE EMISSION OUTPUT VOLTAGE 0 TO 
5 V CALIBRATED OUTPUT ATTENUATOR. 400/1000 
HZ MODULATION. MILITARY MODEL OF HP608D 

TS-418/URM-49 SIGNAL GENERATOR. 400 MHZ TO 
1000 MHZ AM. CW OR PULSE CALIBRATED OUTPUT 
AND ATTENUATOR POWER RANGE 0 TO -120 

OBM.. 195.00 

TS-419/URM-64 SIGNAL GENERATOR 900 THRU 2100 
MHZ. AM, CW OR PULSE EMISSION CALIBRATED 

OUTPUT AND ATTENUATOR.195.00 

TS-497/URR SIGNAL GENERATOR 2 MHZ THRU 400 
MHZ. CALIBRATED OUTPUT 1 TO 1 V INTO 50 OHMS 
400/1000 HZ MODULATION, AM/CW MILITARY VER¬ 
SION OF MEASURMENTS MODEL 80 185 00 

SG-66/ARM-5 SIGNAL GENERATOR USED FOR AIR¬ 
CRAFT VOROMNI RADIO REPAIR. RANGE 108 MHZ 
THRU 132 MHZ. MILITARY VERSION ARC H-14285.00 
SG-1/ARN SIGNAL GENERATOR WITH PP-348 POWER 


SG-2/ARN AIRCRAFT GLIDE-SLOPE SIGNAL GENER¬ 
ATOR 329.3 TO 335 MHZ IF FREQ 15 to 30 MHZ 
METERED OUTPUT 1 V to 2 V MODULATIONS VARI- 


WE ACCEPT VISA M/C OR CHECK. ADD SHIPPING. WE 
SHIP BEST WAY. SATISFACTION GUARANTEED, 
IMMEDIATE SHIPMENT. PHONE BILL SLEP 
704-524-7519. 


You Buy, Say 73" 
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W2NSD/1 
NEVER SAY DIE 

editorial by Wayne Green 


from page 4 

JANUARY HAM CONFERENCE 
The Ninth Annual Ham Con¬ 


ference met in Winter Park, Col¬ 
orado, this January. In addition 
to discussions of potential solu¬ 
tions to the loss of high-tech 


career people which the fading 
away of amateur radio as a 
hobby has caused, there were 
demonstrations of some of the 
newest in microelectronics and 
ham gear. 

The most impressive new 
piece of ham gear for me was 
the tiny new Kenwood HT. 
Incredible. And yet the tiny 
thing worked just fine when 
substituted for my now huge 
old 2400 Kenwood HT. 

We gave the HTs a good 
workout, using them to keep in 


touch as we skied the whole 
range of trails at Winter Park, 
which is a good-sized ski area. 
For that application a lapel 
mike/speaker might have 
helped—I'll have to see if Ken¬ 
wood has one available yet. 
Still, even with the HT in my 
parka pocket I had no problem 
hearing everyone clearly and 
talking with them just by 
squeezing my parka in the right 
place. It sure made people jump 
when I talked into my coat—and 
got answers. 



ASTRON CORPORATION 

LARSEN ANTENNAS • BENCHER, INC. 
FALCON COMMUNICATIONS 

Radio Amateur callbook Inc. 

Call For Low Price 




I ~7aTr r li? 


HCM ELECTRONICS 

33 McKinley Ave. w. Orange, N J. 07052 
201-731-9506 


‘ “ bm 

I 


BOX aJS-fc PROSPECT? ,L BOOS? ^ 

I 


1-800-433-WIRE 


616-924-4561 (Mich & Ragchew) 


ich & Ragchew 
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50385. No 30-meter c 


the celebration of the World Fishing Exhi¬ 
bition in Vigo, Spain. The contest will use 
all bands, 80 through 10 meters—SSB 
only. Operating classes include (a) single 
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Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign correspon¬ 
dents, we present the latest 
news in DX, contests, and events, 
as well as keep you abreast of 
the technical achievements of 
hams in other countries. 

If you would like to contribute 
to your country’s column, write 
to your country's correspondent 
or to 73 Magazine, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Perry Donham KW10. 



omagnetic Interference checklist, 
its, AMSAT operating, etc. 
eral of the WIA state divisions con- 
slow Morse-code practice sessions 
> air, with the VK2 and VK5 sessions 


WWSA-WORLDWIDE (CW) 
SOUTH AMERICA CONTEST 
Sponsored by Grupo Editorial Anter 

l, 1985. CW only, from 10 to 80 met 


tion on behalf of its members? E.g., larger 
frequency allocations, no log books, the 
fight against tower height limita 
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DEALER 

DIRECTORY 


£ 


ROPAGATIOIM 


Jim Gray W1XU 
73 Staff 


Culver City CA 

Jim's Electronics, 3919 Sepulveda Blvd., 
Culver City CA 90230, 390-8003. Trades 
463-1886 San Diego, 827-5732 (Reno NV). 


Fontana CA 

Tec, ^Mirage, Cubic, Lunar, over 4000 
electronic products for hobbyist, techni- 

mobile. Fontana Electronics, 8628 Sierra 

Ave,, Fontana CA 92335, 822-7710. 



more. Shaver Radio, Inc., 1775A S. Win¬ 
chester Blvd., Campbell CA 95008, 
370-6665. 


New Castle DE 

Factory Authorized Dealer! Yaesu, 
ICOM, Ten-Tec, KDK, Kenwood, AEA, 
Kantronics, Santee. Full line of acces- 

off 1-95. Delaware Amateur Supply, 71 
Meadow Road, New Castle DE 19720, 
328-7728. 


Preston ID 

Ross WB7BYZ has the largest stock of am¬ 
ateur gear in the Intermountain West and 
the best prices. Call me for all your ham 
needs. Ross Distributing, 78 So. State, 
Preston ID 83263,852-0830. 


Littleton MA 

The reliable ham store serving NE. Full 
line of ICOM & Kenwood. Yaesu HTs, 
Drake, Daiwa, B&W accessories. Curtis 
& Trac keyers. Larsen, Hustler, Telex/ 
Hy-Cain products. Mirage amps., Astron 
P.S., Alpha Delta protectors, ARRL & 

radar detectors. Full line of coax fittings. 
TEL-COM Electronic Communica¬ 
tions, 675 Great Rd. (Rt. 119), Littleton 
MA 01460, 486-3400/3040. 


Derry NH 

vice most^major lines: AEA, Astron, 
Azden, B&W, Cushcraft, Hy-Gain, 
Hustler, ICOM, Kenwood, KLM, Lar¬ 
sen, Mirage, Mosley; books, rotors, cable 

day through Thursday, and 9-5 Friday 
and Saturday. Rivendell Electronics, 8 
Londonderry Road, Derry NH 03038; 


Albany, New York 
UPSTATE NEW YORK 

Kenwood, ICOM, Ten-Tec, Belden, 
Cushcraft, Larsen, Hustler, ARRL, Hy- 

Gain, B&W, MFJ, Mirage. New and used 

equipment. Serving the amateur commu¬ 
nity since 1942. Adirondack Electronics, 

12205, 456-0203 (one mile west of North¬ 

way exit 2W). 


Columbus OH 

The biggest and best ham store in the 
Midwest featuring Kenwood and other 

quality products with working displays. 

We sell only the best. Authorized Ken- 

Inc., 1280 Aida Dr., Reynoldsburg (Co^ 
lumbus) OH 43068, 866-4267. 


Dallas TX 


IBM PC/XT kits, supplies, expar 



erals. Please write for your free 60-page 
catalog: Sabet Electronics, 13650 Floyd 
Rd., Ste. 104, Dallas TX 75243; 783-4950 
(formerly I.E.). 


DEALERS 

Your company name and message can 
contain up to 25 words for as little as $150 
yearly (prepaid), or $15 per month (pre¬ 
paid quarterly). No mention of mail¬ 
order business or area code permitted. 
Directory text and payment must reach us 
60 days in advance of publication. For ex¬ 
ample, advertising for the July ’85 issue 
must be in our hands by May 1st. Mail to 
73 Magazine, Peterborough NH 03458. 
ATTN: Nancy Ciampa. 
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A = Next higher frequency may also be useful. 
B = Difficult circuit this period. 

G = Good, F= Fair, P = Poor. 
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17 Discover the Discone 

Is this the perfect aerial? Consider simple wire construction, easy one-time tuning, 
and flat swr from 3.5 to 28 MHz.W1GV/4 

22 Two for Two 

We respectfully offer a pair of radiators for the two-meter band so elegant, yet 

so simple, that you will kick yourself for not thinking of them first.WA4BLC 

24 The Snake with LED Eyes 

A tall tale from the Antlers—where the decoration is strange and the stories are 
even stranger. WA8WTE 

32 Up, Up, and Array 

W6TYH's hybrid collinear will rocket your signal to new heights!.W6TYH 

38 Good to the Last Dot 

Is there life beyond WX HR IS? With these practical tips you'll perk up every QSO 
and make every contact an adventure! .N6HYK 

40 Porcupine Mobile 

Bristling to work HF from your car? Sport these spikes and hit the road. 


42 The Rubber Duck Debunked 

In ten minutes you can have 10 dB gain c 

make you try. 

44 The No-Baloney Lunchbox 

We suggest you paint this antenna tuner b 


e showing it to your friends. 


48 Rotate the Bobtail Curtain 

How do you rotate one hundred feet of w 
switch. 


50 Alligatored Antennas 

[clip) ft's 30m...(clip) it's 17m...(clip) it's 12m. Get the idea? . W0MBP 

52 Zuper Zepp for VHF 

Zip up your zignai with UZM's planz! .WA4UZM 

54 Phase the Nation 

North, south, east, or west, you'll be on target with the double-X trapped-vertical 


array. KB2XX 

56 Where Am I Pointed? 

Is this Sinclair beam-aimer program just like every other? Guess again.AD1B 



I 





















W2NSD/1 

NEVER SAY DIE 

editorial by Wayne Green 

ANTENNAS build 'em again. Oh, that didn’t 

Articles on antennas have al- S *°P Pa m s from building gad- 
ways been a ham favorite—and 9 e,s ’ RTTY terminals, and so 
for a good reason. It's been a on - i ust transmitters and receiv- 
couple of generations since our ers - 

ham transmitters and receivers Many of the experimenters 
were simple enough for the av- headed for the VHFs, but Gon- 
erage ham to build, but anyone set and Heath pretty much put 
can still design and build an an- an end to that with commer- 
tenna. cially-made VHF rigs. 

Even when I first got started Through all of this the ham 
with amateur radio, 45 years love affair with antennas has 
ago, few hams were building continued. Oh, not many hams 
their own receivers. I used to go understand the antenna engi- 
all over Brooklyn visiting the neering, but that doesn't stop 
hams I heard on the air, and most of us from whipping out a 
only one had a homemade re- back issue and a soldering iron 
ceiver. Oh, I built one—a reader and putting something together 
sent me one of my SWL cards to test. We’re all in search of 
listing It recently—but as soon the ideal antenna, 
as I had the money, I bought a |'ve a little secret—I've hit 
Halllcrafters SX-20—the Sky the antenna jackpot a couple of 
Champion. times down through the years. I 

Since there were far too few remember when I was at col- 
hams to support a manufac- lege after the war. I'd taken over 
turer before the war, it wasn’t the basement of the fraternity 
until after WWII that the first house with my two kilowatt 
relatively low cost commer- rigs, my SX-28A, and a National 
cially-made ham rigs began to receiver. CO had published an 
appear. Once rigs could be article on a Twin-Three antenna 
bought, few hams bothered to (also called a Twin-Triplex), so I 



QSL OF THE MONTH 

To enter your QSL, mail It in an envelope to 73 ,80 Pine Street, Peterborough NH 03458, 
not in envelopes cannot be accepted. 
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plunged out into the yard and 
put four of them together In the 
snow—two for twenty meters 
and two for ten. We had about 
four feet of snow in the yard, so 
every time I put down my sol¬ 
dering iron it would melt out of 
sight. 

The Twin-Three was a wire 
beam with two three-wire di¬ 
poles spaced a sixth wave 
apart. Both dipoles were fed 
with twinlead. This meant I had 
to run 30-foot-long wires be¬ 
tween two ten-foot-long 2" x 
2” boards, put an insulator in 
the center, solder the wires to¬ 
gether at their ends, and hang 
the whole works between a tree 
and the fraternity house. It took 
two antennas for each band be¬ 
cause there wasn't any way to 
rotate them and each was bi-di¬ 
rectional. 

I finally got the whole works 
put together and up in the air. I 
hooked them to relays to 
switch directions and bands. 
They worked beyond all my 
dreams. The Twin-Three an¬ 
tenna has a very narrow vertical 
angle of radiation and a wide 
horizontal angle, so I was able 
to reach most of the world just 
by switching antennas. 

The narrow vertical angle 
meant that my signal would be 
very powerful at one spot and 
then move on. I had to learn to 
keep my contacts short. The 
angle was particularly low, so 
most DX stations would tell me 
that I was the only US station 
coming through. When most 
other ops were talking with 
England, I was working Ger¬ 
many. When their signals 
would start being heard In Ger¬ 
many, mine were fading out 
and Italy was calling. 

I remember one morning 

Continued on page 63 













































EDITED BY PERRY DONHAM KW10 


ORX. . . 


Say Again? 

HAVE YOU EVER transmitted with exces¬ 
sive power? You Know, that time the rare 
DX was on and "just a few more Watts" 
helped you break the pileup. Of course, we 
all have heard of the California Kilowatt, 
but now a new definition has arisen—the 
Texas Triplewatt!" Jerry Dyke WB5LEU 
was caught driving a Drake linear with his 
Collins S-line. The linear was driving a 
3CX10000T with a rating of about 48,000 
Walls! Jerry was running a "conservative" 
25 kW in the Novice band, allegedly in re¬ 
taliation for harassment by other hams on 
3895 kHz. Jerry, whose station had been 
monitored by the FCC's Houston Field Of¬ 
fice, was fined $2000 for the Infraction. 

73 On Line 

THE 73 BULLETIN BOARD is now on line! 
Currently running on a Leading Edge mi¬ 
crocomputer, the BBS supports 300 or 
1200 baud and offers text files and soft¬ 
ware to download, a place to upload your 
own files, current bulletins, news from the 
world of ham radio, and a personal mail 
system. You can upload letters to the staff, 
"Ham Help" requests, or even articles for 
us to review! Try It out—the BBS Is on 
from 2200 to 1200 UTC weeknights, and all 
day Saturday and Sunday. The number is 
(603)924-9809. 

Pirates 


SPEAKING OF BULLETIN BOARDS, the 
Association of Clandestine Radio Enthu¬ 
siasts has set one up with information 
about unofficial and pirate radio stations 
and extracts from ACE's monthly maga¬ 
zine. A personal mall system is also of¬ 
fered. The BBS, which supports 300 or 
1200 baud, may be reached 24 hours a day 
at (913)-677-1288. 

Sky High 

THE NEXT HAM-IN SPACE FLIGHT Is 
scheduled for later this year. Astronaut 
Tony England WtORE will be aboard the 
51 F mission of the orbiter Challenger, car¬ 
rying as much amateur gear as he can. 
Tony says that groups or individuals wish¬ 
ing to work him during the flight should 
contact the ARRL, as it is acting as a clear¬ 
ing-house for the requests. Tony will con¬ 
centrate on keeping schedules with school 
classrooms and radio clubs. The original 


ham in space, Owen Garrlott W5LFL, will 
be back in space on a mission coming up 

Mr. Ed 


NEW YORK MAYOR Ed Koch was exposed 
recently to amateur radio by a group of stu¬ 
dents from Junior High School 22 on Man¬ 
hattan’s Lower East Side. The youngsters, 
who had just completed a period of En¬ 
glish via Ham Radio, were calling CO on 
their favorite frequency. 21.395 MHz. John 
WA9YHW/HR, off the coast of Honduras, 
answered the call. John is an old friend of 
the class, and asked for a favor. "Call up 
my friend Ed. and tell him his friend John 
from Westhampton Beach wishes him the 
best of luck... ” Undaunted by the enormi¬ 
ty of the task, the group rang up the May¬ 
or's office. It took careful explanation of 
ham radio by the students, but the Mayor's 
secretary finally promised to deliver the 
message. A few days later, the class re¬ 
ceived a personal note from Mayor Koch 
thanking them for their relay and express¬ 
ing an Interest in observing their program. 

Grab Bag 


WE’RE GIVING AWAY the entire United 
States! Recently a box surfaced in the 
W2NSD shack that contained scads of 
giant Worked All States Maps. Well, 
maybe not giant, but certainly very large. 
All right, they’re 17' x 11'. That’s pretty 
big. If you would like one of your very own 
(while they last), drop a big SASE In the 
mall to 73 Magazine, 80 Pine Street, Peter¬ 
borough NH 03458, Attn: Giant Map. We've 
also got plenty of the wonderful 10-meter 
beacon lists. Save a stamp and ask for 
them both! 

SWL Society 


SHORTWAVE LISTENERS, hams, and 
other radio enthusiasts are invited to join 
the Great Circle Shortwave Society. The 
GCSS feels that the 1950s and 1960s were 
fascinating years In the world of short¬ 
wave. and publishes a newsletter devoted 
to the period. Special emphasis is placed 
on SWLs who were active during the period 
between the Korean War and the Vietnam 
War, and who hold Popular Electronics 
“WPE" shortwave-monitor callsigns. For a 
sample newsletter and information about 
GCSS, send an SASE to Richard Arland 
WPE7BYR, Secretary, Great Circle Short¬ 
wave Society, 2042C Flyer Drive, Bethel 
Manor, Langley AFB VA 23665. 



The crew at JHS 22. 


Thus Spake Drake 


EVEN THOUGH R. L. DRAKE no longer 
makes amateur-radio equipment, that 
doesn't mean that they can’t service your 
gear. According to William Frost WD8DFP, 
Service Manager for Drake, "While it is 
true that the company has curtailed its 
manufacture of amateur-radio products, it 
is not true that the company does not ex¬ 
ist! The service department still provides 
service and overhaul on any R. L Drake 
Company product ever made and will con¬ 
tinue to do so until unique parts for [a] 
product are no longer available, or the cost 
of repair exceeds the value of the prod¬ 
uct." Drake is still at 540 Richard Street, 
Mlamisburg OH 45342, and you can call 
Drake at (513)-866-3211. 

Homebodies 


CHRIS ANDERSON KA8RJY wrote in to 
alert everyone about his National Home¬ 
work Net (NHN). Chris says, "I'm fourteen 
and am Net Manager for the NHN, which 
meets every Saturday night at 0100 UTC on 
3.870 MHz. We need to be exposed to the 
outer world and would greatly appreciate a 
small tidbit that maybe would gather some 
more teen amateurs to our net." How 
about It, gang? Why not drop in on Chris 
and the NHN? Or you can write to Chris at 
085 Walker Road, Jackson OH 45640. Tell 
him “QRX" sent you. 

Weil? 


WHAT DO YOU THINK? I hope you’ve no¬ 
ticed the changes we've made In 73. We try 
to be as flexible as possible to make this 
your magazine, but we need to know what 
you want to see. Would you like more con¬ 
struction articles? More humor? Articles 
on DX and operating? Or maybe you have 
an idea for a new column or feature. You 
may even like things just the way they are. 
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Let us know—jot down your thoughts on a 
card and drop it in the mail. The address is 
73 Magazine, 80 Pine Street, Peterborough 
NH 03458. Remember, the name is 73 tor 
Radio Amateurs.. .that means you! 

Ham Fam 


CAN YOU TOP THIS? We recently received 
a letter from Nellie Myers KA9DVY, editor 
of The Dam Paper, Journal of the Tri- 
County Amateur Radio Group, describing 
the Johnson family. On the surface, the 
Johnsons look like ordinary folk, but all 
seven of them are hams! in the photo are 
(front row) the Reverend Johnson W0KPS 
and his wife Oorls KA9RTK, (back row. left 
to right) Nancy KA9TAR, Thomas KA9RRL, 
Greg KA9RRN, William WBOYNL, and 
Sheryl KA9RRM. Quite a group! I wonder if 
there's a waiting list to use the rig? 

XKGP7QTMP! 


ALPHABET-SOUP SYNDROME continues 
to plague the amateur bands. If you are 
baffled by the strange prefixes you've been 
hearing, the following information should 
serve to confuse you even further. Corsica 
is now TK and French Antarctica Is FT. In¬ 
side France, the first letter will still be F, 
but a second letter has been added to des¬ 
ignate the license class in these catego¬ 
ries: A—minimum age 13, no-code exam, 
144 MHz only; B—minimum age 13, 144 
MHz with a few CW segments on 10-40 
meters and voice on 28.4 to 29.0 MHz; C— 
minimum age 16, no-code exam, 30 MHz 
and up; D—minimum age 16, all privileges; 
E—class-D hams with 3 years experience. 
In overseas departments and territories of 
France, the number in the callsign will 
change—1 becomes 3; 7 or 8 with less 
than 3 years in that class becomes 4; 5 in¬ 
dicates a license held for 3 years. Say 
what? 

Prefix Fix 


PREFIX HUNTERS will have a chance to 
work three special Canadian calls during 
the celebration of the 100th anniversary of 
the Canadian National Parks System. 
From June 29th to August 29th, you'll hear 
XO for VO, XJ for VE, and XK for VY. 

Lifers 


HOLDERS OF FCC COMMERCIAL TICK¬ 
ETS are now eligible for the new Lifetime 
Operator License. If you hold an FCC First 
Class, Second Class, or General Radiotele¬ 
phone certificate, you automatically quali¬ 
fy. Send your request, including your name 
(as it appears on the license), your date of 
birth, and your license number, to the FCC 
Field Office that issued your ticket. Write 
8 73 for Radio Amateurs • May, 1985 



The Johnson family portrait. 


"Lifetime License” on the envelope, and 
enclose an SASE. Enclose a big SASE if 
you don't want your certificate folded. 

Packet Places 


ARE YOU WONDERING if there Is any 
packet-radio activity in your area? Here are 
a few frequencies (in MHz) that you can lis¬ 
ten on to hear some of the action: Annap¬ 
olis 10.147, Atlanta 146.13/.73, Baltimore 
145.01, Chicago 144.95, Colorado Springs 
147.50, Dallas 147.57, Denver 145.70, San 
Francisco 146.58, St. Louis 147.555, Wash¬ 
ington DC 145.01, Eastnet 145.01, Pacific 
Northwest 146.55, and 145.36 in Southern 
California. Packet sounds like flies having 
a chat. 

Foxy 


IS CHASING FOXES your idea of a good 
time? If so, let us know. 73 is working on a 
super fox hunt that would begin with com¬ 
petition at the local level, then advance to 
a regional contest. The best team in each 
region would assemble for a national fox 
hunt to determine the best DF team In the 
country. We are looking for comments and 
suggestions on every aspect of the trial, in¬ 
cluding rules, frequencies, and standard 
equipment. Send your input to 73 Maga¬ 
zine, 80 Pine Street, Peterborough NH 
03458, Attn: Fox Hunt. 

Crash! Bang! 


ELIMINATE RF COLLISIONS between ter 
restrial and space communications by 
avoiding our satellite passbands. AMSAT 
urges all amateurs to reserve 29.3-29.5, 
145.8-146.0, and 435.0-435.5 MHz for ama¬ 
teur satellite work. Remember, satellites 
can't easily QSY—we can. 

QSL? 


HAVE YOU WORKED 4W1CW, YN1Z, 
YN1CW, H7Z, or TG9XGV? Here's a word 
from the manager, "USPS notified us this 
week that the address to which we sent all 
QSLs is now obsolete; the operator of 


those stations has moved and left no for¬ 
warding address. Possibly we can locate 
him at a different QTH, but for now we are 
holding all incoming QSLs for these call- 
signs." Can anybody help? The fellow's 
handle is Gun, and he works high-speed 
CW. Send your information to Bill Wellborn 
K4CLA, 562 Oak Drive, Lexington SC 
29072. 

Caveat 


IF YOU'VE PURCHASED a Yaesu FT- 
757GX for what seemed a "bargain-base¬ 
ment” price, you may be in for a few head¬ 
aches. in an Interview appearing In the 
WSYI Report, Bob McKay N8ADA said, 
". . .there are Yaesu 757GX radios being 
sold that are not the same as the 757 
models being advertised nationally. The 
radios are identical in appearance but do 
not have the CW filter, will not work on the 
new WARC bands, and cannot be serviced 
in the USA.” Bob is the editor of The Car¬ 
rier. journal of the Dayton Amateur Radio 
Association, it looks as though someone 
has imported transceivers intended for 
sale only in Japan. The radios may have 
been illegally imported, but they could be 
legal since most amateur gear does not re¬ 
quire type-acceptance by the FCC. The 
shipping crates have markings on them in¬ 
dicating that the rigs may only be serviced 
in Japan. Chip Margelli of Yaesu has indi¬ 
cated that service and repair can be done 
In the US, but the warranty is not valid here 
in the States. In any case you should be 
wary of a deal that seems to be too sweet. 

Knock, Knock 


A GOLDEN OPPORTUNITY awaits the 
right person! Ham Radio Outlet is looking 
for someone to manage a new amateur-ra¬ 
dio store in the New England area. HRO is 
an established company in the ham-radio 
industry and offers a great employee-ben¬ 
efit package. The manager/trainee will 
spend time in California learning his or her 
job. If this sounds like something you 
would like to do, send your resume to Bob 
Ferrero at Ham Radio Outlet. 2620 West La 
Palma, Anaheim CA 92801. 

Hot Pix 


DO YOU HAVE A PHOTO that would look 
good on the cover of 73? We're always in 
the mood for a great picture. Send your 
shots In for evaluation! The pictures 
should be vertical, like the cover, and 
should have a nice space in the upper left 
corner to tuck our logo. We prefer large-for¬ 
mat transparencies, but we'll also con¬ 
sider high-quality 35-mm slides or color 
prints. Forward your photos to 73 Maga¬ 
zine, 80 Pine Street, Peterborough NH 
03458. Enclose an SASE If you'd like your 
pictures returned. 

















Stan Cibilisco W1CV/4 
PO Box 561652 
Miami FL 33156 


Discover the Discone 

Is this the perfect aerial? Consider simple wire construction, 
easy one-time tuning , and flat swr from 3.5 to 28 MHz. 


W ith the addition of the points over an eight-to-one 
new WARC bands, frequency range. Multiband 
amateur radio operators will antennas will become quite 

have HF allocations at eight complicated, except for 



Fig. 1. Swr vs. frequency for a discone antenna having a cut¬ 
off frequency of 10 MHz (dotted line). The points show 
the results of a test at W1CV/4 using the antenna described 
in this article. Any swr less than 3 was considered tolerable. 



Fig. 2. Design of a bi-conical antenna (A) and a discone (B). 
The discone is a modified bi-conical antenna, in the same 
way an inverted ground-plane antenna is a modified vertical 
dipole. 


broadband types, which will 
probably become more and 
more popular. Such anten¬ 
nas as the dipole with tuned 
feeders, the random wire, 
the log periodic, and others 
will be used by many hams 
in pursuit of multiband op¬ 
eration. 

This article describes the 
theory, design, and con¬ 
struction of a broadband 
vertical for the range 10 
through 30 MHz. This an¬ 
tenna is an adaptation of a 
technique usually seen only 
at VHF: the discone. This an¬ 
tenna displays vertical po¬ 
larization and excellent low- 
angle radiation; it needs no 
radial system, and it has a 
fairly flat, low swr curve 
over a continuous frequency 
range. A theoretical swr re¬ 
sponse is illustrated in Fig. 1 

Theory 

The concept of the dis¬ 
cone originated with the no¬ 
tion that if an antenna could 
be constructed whose di¬ 
mensions were specified by 
angle measures only, then it 
would function independent¬ 
ly of the wavelength. The 
bi-conical antenna (A in Fig 
2} is one such device. If the 
two cones extend suffi¬ 
ciently above and below the 
feedpoint, then resonance 
can exist at any frequency 
above f m j n , where the alti¬ 


tudes of the cones are 1/4 
wavelength. The electro¬ 
magnetic field flows out¬ 
ward from the feedpoint 
along the surfaces of the 
two cones until it reaches 
points separated by 1/2 
wavelength, as shown. 
Clearly, this will be possible 
at any frequency larger than 
f m j n , provided the vertices of 
the cones come together 
precisely at the feedpoint. 

As the frequency is 
moved below f m j n , it is no 
longer possible to find two 
points on the cone surfaces 
separated by 1/2 wavelength 
in space. Consequently, the 
swr increases rapidly. When 
the frequency is lowered so 
that the slant height, h, of 
each cone is equal to 1/4 
wavelength, we say that the 
bi-conical antenna is at f c — 
its cutoff point. The swr at 
cutoff varies depending on 
the vertex angle of the 
cones. Below f c , the swr rises 
with extreme steepness to 
prohibitively high values. 
Thus the bi-conical antenna 
represents an electrical 
high-pass filter with a lowest 
practical frequency of f c . 

A bi-conical antenna ob¬ 
viously presents structural 
problems at high frequen¬ 
cies although it is perfectly 
practical at VHF. To reduce 
the physical size of the an¬ 
tenna, the discone was de- 
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Fig. 3. Construction of the 10-30-MHz discone. The slant 
height is 23 feet, 8 inches; the square disk has a diagonal ra¬ 
dius of 8 feet. The supporting mast is 23 feet, 6 inches high. 


veloped. Either the top or 
bottom cone may be re¬ 
placed with a reflecting ra¬ 
dial system, and then the 
antenna will function over 
the same frequency range 
(provided the reflector is 
large enough). If we replace 
the lower cone with a radial 
system and bring the feed- 
point to ground level, we 
have an antenna known as a 
conical monopole. By re¬ 
placing the top cone with a 
reflecting disk of sufficient 
size (B in Fig 2), we obtain 
the discone. The discone is 
to the bi-conical as an in¬ 
verted ground-plane anten¬ 
na is to a vertical dipole. 

The discone is easier to 
build than a conical mono¬ 
pole primarily because no 
ground radial system is nec¬ 
essary. The high-current por¬ 
tion of the antenna is 
elevated above ground The 
disk radius need be only 
about 1/12 wavelength at 
the lowest usable fre¬ 
quency, f c . 

Design 

The antenna gets its name 
from the fact that it consists 
of a disk on top of a cone. 
The disk radius, r, is 0.08 
wavelength at the cutoff fre¬ 
quency, f c , and the slant 
height, h, is 0.24 wavelength. 
These dimensions are free- 
space values. 

Above f c , the swr drops 
from about 3.5 to almost a 
perfect match at f m j n . In the¬ 
ory, the swr then remains 
nearly constant for several 
octaves. Above about the 


f c , MHz Bands covered, M 

3.4 80,40,30,20, 

17.15.12.10 

6.9 40,30,20,17 

15.12.10 

10.0 30,20,17,15, 

12.10 

13.7 20,17,15,12, 

10 

17.9 17,15,12,10 

20.5 15,12,10 

24.0 12,10 

27.0 10 


third harmonic of f c , the 
maximum radiation begins 
to occur at considerable el¬ 
evations above the horizon¬ 
tal; however, between f c and 
3f c the radiation angle is 
very low and therefore is ex¬ 
cellent for DX work. 

At 10 MHz, 0.08 wave¬ 
length in free space is 7 feet 
10 inches, and 0.24 wave¬ 
length is 23 feet 8 inches. 
The slant height of the cone 
is equal to the base diame¬ 
ter, making the pitch of the 
cone 30 degrees from the 
vertical. This value is not, 
however, particularly criti¬ 
cal. Discones may be built 
with considerably larger or 
smaller vertex angles. The 
value of 30 degrees was cho¬ 
sen since it appears to be 
the most common value in 
discone design. 

At VHF, discones usually 
are made from solid metal 
or screen. For a discone with 
f c = 10 MHz, this would ob¬ 
viously be ridiculous. How¬ 
ever, a wire cage will work 
very well at longer wave¬ 
lengths provided the separa¬ 
tion between the wires is 
small. The design scheme 
for the 10-to-30-MHz dis¬ 
cone is shown in Fig. 3. A 
suggested list of parts is 
given. 

initial Construction 

The center support mast 
for the HF discone is 23 feet 
6 inches high. Aluminum 
tubing works very well for 
this purpose and is available 
in most hardware stores. 
Three eight-foot sections 


r, ft. h, ft. Mast* 

23.1 69.5 65 

11.4 34.2 33 

7.9 23.7 23 

5.7 17.1 17 

4.4 13.2 13 

3.8 11.5 11 

3.3 9.9 9 


may be used, overlapping 
three inches at the junc¬ 
tions. The top section is one- 
inch O.D., the center section 
7/8-inch O.D., and the bot¬ 
tom section one-inch O.D. 
The sections are best se¬ 
cured by slitting the end of 
the larger piece with a hack¬ 
saw and clamping the two 
sections together with hose 
clamps. 

The cone consists of 32 
lengths of wire. Uninsulated 
no. 22 wire is a good choice 
for this purpose. The wire 
need not be heavy; in fact, 
heavy wire will make con¬ 
struction very difficult. Each 
wire is approximately 23 
feet 8 inches long and slants 


down at an angle of about 
30 degrees with respect to 
the vertical mast. All the 
wires are joined at the base 
of the cone with an octago¬ 
nal ring. 

To form the base of the 
octagonal cone, eight stakes 
should be driven into the 
ground at a distance of 15 
feet from the base of the 
support mast. (A ninth stack 
should be placed at the 
point where the mast base 
will be located, so the mast 
may be slipped over it when 
erected.) The eight cone- 
support stakes should be 
uniformly arranged in a 
manner such that lines from 
any two adjacent stakes 



2.9 8.7 8 

* Minimum heights, in feet. 

Table 1. Discone dimensions for various frequencies f c . 
[Values of f c are chosen slightly below the lower end of 
the nearest amateur band.) 
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Fig. 4. The ring for the apex of the cone is constructed using 
no. 12 wire and four clamp and-screw-type TV standoff in¬ 
sulators. The cone wires are attached in bunches of eight, 
one bunch to the center of each side of the square. 





Fig. 5. Radial leg of square disk. Three concentric square 
rings of no. 22 wire join the radial tubing sections. The disk 
is mounted at the top of the mast using a plastic quad 
spider. The mast is wrapped with electrical tape to ensure a 
tight fit for the spider and also to insulate the disk radials 
from the mast. 


would form a 45-degree an¬ 
gle at the center support 
point. 

The cone apex is con¬ 
structed as shown in Fig. 4 
Four clamp-and-screw-type 
Radio Shack TV standoff in¬ 
sulators are mounted about 
one foot below the top of 
the mast. A length of no 12 
uninsulated solid copper 
wire should be run through 
the standoff holes and sol¬ 
dered at the ends to form a 
square. Caution must be ex¬ 
ercised to make sure the ring 
does not short to the metal 
parts of the standoffs (and 
thus to the vertical mast). 

To complete the cone, 
cut 32 lengths of no. 22 wire, 
each 24 feet long. Solder 
them in bunches of eight to 
the center of each side of 
the apex square. This pre¬ 
vents them from becoming 


hopelessly snarled when the 
mast is put up. Have some¬ 
one hold the top section of 
the mast upright at its even¬ 
tual location and fan the 
cone wires out along the 
ground in a uniform radial 
arrangement 

The "disk" is made from 
four eight-foot sections of 
one-inch O.D. aluminum 
tubing, a quad spider, 
twelve hose clamps, and 
more no. 22 wire. Insert the 
four sections of tubing into 
the spreader holes of the 
quad spider so that they 
form an X. In Fig. 5 we see 
how the wires are attached 
to the four radial sections of 
tubing to form the square 
disk. The wires should be 
pinched into a small U shape 
at each point where they are 
clamped to the tubing. Three 
concentric wire squares will 


result The wires should be 
straight but not under strain 
since they will contract in 
cold weather. Mount the 
square disk at the top of the 
support mast, using the spi¬ 
der. Wrap the mast with tape 
to get a tight fit. 

Putting It Up 

Attach the center conduc¬ 
tor of the coaxial feedline 
(RG-58/U, RC-8/U, or equiv¬ 
alent) to the center of the 
disk, using a hose clamp at 
the innermost exposed 
metal point of one of the ra¬ 
dial tubing sections. Attach 
the outer conductor to the 
apex of the cone. 

Have someone hold the 
top section of mast, com¬ 
plete with cone wires and 
disk attached, at the point 
where the mast is to be 
erected. Attach two of the 
cone wires from each bunch 
to adjacent radial stacks, us¬ 
ing an insulator and four ex¬ 
tra feet of wire. Raise the 
mast to its full height while 
keeping it vertical (a steplad- 
der is almost a necessity to 
do this!). Tape the coaxial 
feedline to the mast as it is 
raised. Once the mast is 
fully extended, tighten the 
eight cone wires so that the 
mast is vertical and is effec¬ 
tively guyed by the wires — 
but don't pull them exces¬ 
sively tight. 

Construct a ring of wire by 
connecting the eight cone 
wires together immediately 
above the insulators. This 
octagonal ring will be two or 
three feet above the ground. 
Then attach the remaining 
radial wires to the ring in uni¬ 
form fashion all around. As 
with the other wires, do not 
pull them too taut. Each 
bunch of eight radial wires 
should run to two adjacent 
sides of the octagonal cone 
ring. 

The feedline should be 
decoupled from the antenna 
at the point where the cable 
crosses under the cone ring. 
Otherwise there may be an¬ 
tenna currents on the feed¬ 
line, with consequent prob¬ 
lems. Wind the cable into a 
tight coil about five or six 
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Parts List 


Aluminum tubing, 7/8'O.D., 8' long 

Aluminum tubing, 1' O.D., 8' long 

1 

6 

Electrical tape, large roll 

Ground stake, 2' long, minimum 

1 

9 

Hose clamp, 1-1/4' 

15 

Insulator, porcelain or glass, 4” 

8 

Spider hub, plastic* 

Standoff, TV type, clamp-and-screw 

Wire, uninsulated no. 22,1000 ft. roll** 

Wire, uninsulated no. 12,5-ft. length 

1 

4 

1 

1 

•Propagation Products, 1855 Cassat Avenue, Jacksonville 

FL 32210 

“Mouser Electronics, 11433 Woodside Avenue, 
CA 92040 

Lakeside 


inches in diameter with 10 
to 15 turns. This will choke 
off unwanted currents on 
the outside of the coaxial 
cable while leaving its per¬ 
formance as a feedline unaf¬ 
fected. 

Testing 

Once the discone is com¬ 
plete, you are ready to test it 
for swr. Results of testing at 
W1 GV/4are illustrated by the 
points in Fig. 1 at 14, 21, and 
28 MHz. The swr is expected 
to begin rising at about 12 
MHz. In theory, it should be 
about 3.5 at 10 MHz. 

If the swr is a bit higher or 
lower than the values shown 
in Fig. 1, it is probably be¬ 
cause of the ground conduc¬ 
tivity (which can range from 
rotten to excellent) and also 
perhaps because of objects 
such as trees and electrical 
wires in the near field of the 
antenna. In some cases, 
sharp increases in swr may 
appear mysteriously at cer¬ 
tain frequencies well above 
f c . These cases are usually 
attributable to resonances 
in nearby objects such as 
other antenna towers and 
masts. Keep the discone as 
far away as possible from 
other antenna structures. 

Since the discone is a ver¬ 
tically-polarized antenna 
and has a broadband re¬ 
sponse, it may pick up more 
man-made noise than reso¬ 
nant (narrowband) or hori¬ 
zontal antennas. A trans¬ 
match at the station end of 
the feedline will give the dis¬ 
cone some selectivity, 
which should help reduce 
this noise if it is a problem. 
The transmatch also will re¬ 
duce harmonic radiation. 
Hopefully, your transmitter 
has enough harmonic atten¬ 
uation already, but the dis¬ 
cone offers none at all. 

If the swr is not reason¬ 
ably low and flat (2 or less 
above f m j„) and there are no 
known resonant structures 
nearby, check to be certain 
there are no open or short 
circuits in the system. If the 
cone apex ring should hap¬ 
pen to touch the metal part 
of one of the TV standoffs, 
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SUB-MINIATURE L.E.D.S 2 AMP SOLID 
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'=czzz3. ,= : 
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DB 1S SOCKET $4 00 A 5 VOLT OPERATION f f 

DB 15 HOOD $150 M RED JUMBO SIZE 

glllsOcStT $3 50 ft $l ° 0EACM I' 

D0-25HOOO $125 I B1 POLAR LEO 
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CONNECTOR CRYSTAL 

SOLDI P STYLE ^ V^CASE STYLE MC33/U 


MINIATURE TOGGLE'^W*'" SOLID EDGE 

SWITCHES STATE BUZZER CON NECTORS 

Wr'*™’* » 120V INDICATOR SWITCHING 

S.P.D.T. f^V 1 POWER 

" ’ jl A. SUPPW 


LCCTROflKS CO fff l TO 


the swr will change dramati¬ 
cally, The radial tubing sec¬ 
tions of the disk should not 
short to the vertical mast in¬ 
side the plastic spider hub 
The cone wires should not 
come in contact with foliage 
and should be insulated 
from ground. All wire joints 
should be carefully sol¬ 
dered. 

Conclusion 

The discone antenna de¬ 
scribed in this article was 
built and tested at W1GV/4 
in the summer of 1981, at 
which time I had the good 
fortune to be able to use near¬ 
ly an acre of real estate. Re¬ 
sults were as expected. The 
antenna performed very 
well for DX on 20.15. and 10 
meters. This is undoubtedly 
because of the low angle of 
radiation and the fact that 
the feedpoint is well ele¬ 
vated above the level of 
most nearby obstructions, 
especially houses (which are 
almost all single-level struc¬ 
tures in Florida!). The dis¬ 
cone should be a great 
convenience for multiband 


□ See a change in your Challenger 
a Put some fun in your Flescher 
n Get your CP-1 in the chips 
b Really motivate your MFJ 
n Heat-up your HAL and hop-up 
your Heath with the.... 


i b JFjl 


i 


access to six bands above 
10 MHz. 

Of course, there is noth¬ 
ing special about f c = 10 
MHz. Larger or smaller dis¬ 
cones may be constructed 
to suit individual desires and 
needs. Table 1 gives the di¬ 
mensions of the disk radius, 
r, and the slant height, h. as 
well as suggested mast 
heights for discones having 
various values of f c A dis¬ 
cone for 80 through 10 me¬ 
ters is not out of the question 
if you have a 65-foot tower 
and a strong pair of legs! The 
disk, while quite large, could 
be supported with nylon 
rope trusses. A lot of wire 
would be needed for the 
cones! For serious low-band 
DXers, though, such a sys¬ 
tem could be more than 
worth the effort. ■ 


Bill Orr, Radio Handbook (nine¬ 
teenth edition), Howard W. 
Sams & Co., Inc., 1972. 
Reference Data for Radio Engi¬ 
neers (sixth edition), Howard W. 
Sams & Co., Inc., 1975. 


AND AIR-ROM CARTRIDGE 

For both the COMMODORE 64 and VIC 20 

(Soon for the new C-128) 

Works with ali these fine terminal units to bring you the ultimate in 
RTTY/CW/AMTOR performance. New AMTOR + program with vari¬ 
able PTT delay lor slower rigs and high rate bit sync to compensate 
tor computer clock crystal variations, it's the best S39.95 you’ll 

-ever spend to improve your station. Don’t 

have a disk drive, then use the ROM 
cartridge at $59.95. On performance and 
features vs. cost, nothing even comes close! 

No complicated menus to bog you down. No 
limited performance programs here. The 
AIRDtSK will enhance any demodulator. Disk 
works with both computers. Specify which 
tor cartridge. 


HERE ARE A FEW OF ITS MANY FEATURES: 

• on screen tuning indicators • full or split-screen 

• auto load memories* • output to commodore 
printers • full speed operation, morse to 99 wpm. 
Baudot to 132 wpm, ASCII to 300 Baud • 4 mode 
AMTOR • WRU • independent RX/TX normal/invert 

• pitch reference CW tuning • real-time disk 
communication* • break buffer • random code 
generator • RX/TX of basic programs* • 24 hr. 
clock • unshift or space • foxtest and more. 

18713 Mooney Drive Gaithersburg, Md. 20879 
301 258-8400 

MICROLOG 

INNOVATORS IN DIGITAL COMMUNICATION 


20 73 for Radio Amalet 


May, 1985 







Bill Clarke WA4BLC 
Box 2403 

Falls Church VA 22042 


Two for Two 

We respectfully offer a pair of radiators for the two-meter band 
so elegant , yet so simple , that you will kick yourself 
for not thinking of them first. 


M any hams in the urban 
and suburban envi¬ 
ronment live in locations 
that preclude the installa¬ 
tion of even the most mea¬ 
ger of outside antennas. The 
reasons may vary from the 
transitory nature of the area 
to the more standard prob¬ 
lem of rules and regulations. 
The latter, found where 
many hams reside, go by as¬ 
sorted names such as apart¬ 
ment regulations, townhouse 
covenants, deed restric¬ 
tions, etc. 

Of course, all these rules 
are "needed" to keep un¬ 
sightly structures from ap¬ 
pearing-structures that 
could be considered degrad- 
ing to the uninitiated, 
thereby reducing property 
values. Naturally these rules 
were written with you in 
mind. That is you, the resi¬ 
dent, to protect you. I some¬ 
times wonder if these rules 
were not written by a landed 
gent who, having it all, 
wanted to be sure that all 
who did not have it, could 
not, and never would. 

Well, just to make sure 
old Scrooge fails again, here 
are a couple of antenna de¬ 
signs for the ham who oper¬ 
ates 2 meters either fixed or 
portable. 


Fixed Antenna 

The first antenna is just a 
plain 1/2-wave vertical. It's 
made from the foil stripping 
that is used for window bur¬ 
glar alarms. This material, 
which is glued to window 
glass, is available from Ra¬ 
dio Shack. While you're 
there getting the foil, pick 
up a two-pole terminal 
block. The block is used 
with the window stripping 
and provides the connection 
point for your feedline. 



Fig. 1. Half-wave two-meter 
foil antenna. 


The feedline can be RC- 
58 for power levels over a 
few Watts, down to RG-174, 
where a short feedline is 
needed that will be con¬ 
nected directly to a hand¬ 
held. If using the RG-174, the 
run should not exceed 10 
feet. 

The elements are 20 
inches to begin with, and 
must be trimmed for low swr 
(see Fig. 1). 

Place a good VHF swr 
bridge in the transmission 
line at the transmitter. Key 
the transmitter in the middle 
of the band, say about 



Fig. 2. Half-wave two-meter 
flexible antenna. 


146 000, and read the swr. It 
should be more than 3:1. 
Then trim 1/8 inch from both 
foils (from the ends that are 
not connected to the termi¬ 
nal block), Now key the 
transmitter again; the read¬ 
ing should have gone down 
Repeat this process until the 
reading is below 1.7:1. 

When 1.7:1 is reached, 
key the transmitter at 
144.000 and note the swr. If 
the swr is above 2:1 at the 
low end, trim another 1/8 
inch from both foils and re¬ 
check the swr. The object is 
to have an swr below 2:1 
over the entire band 

Portable Antenna 

For portable use, this ver¬ 
sion is built from coaxial ca¬ 
ble and can be rolled up and 
put in your jacket pocket 
The antenna, often referred 
to as a "hypodermic an¬ 
tenna," when in solid form 
for use on the lower bands 
such as 10 or 15 meters, is 
properly called a coaxial 
vertical antenna The pri¬ 
mary purpose of the an¬ 
tenna is to give the traveling 
ham a good radiator for use 
with his hand-held 

The antenna and feedline 
are one piece of RG-58 and 
should be 8 to 10 feet in 
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length. Install a BNC con¬ 
nector at one end of the 
feed line (or whatever con¬ 
nector your HT uses). 

Now carefully remove the 
outer sheath and braid from 
the last 20 inches of the re¬ 
maining end, now called the 
radiator. The sheath and 
braid will be discarded. Cut 
24 inches of RG-8 and care¬ 
fully remove the sheath and 
braid. Slide the braid over 
the end of the radiator and 
solder as noted in Fig 2. Dis¬ 
card the sheath. 

Now stretch the braid out 
as much as possible and trim 
it to 20 inches in length 
Tape it in place Attach a 
nonmetallic hook to the top 
end of the radiator and hang 
the antenna in a location 
where it is free of obstacles 
for at least 24 inches. It 
should be vertical, or nearly 
so. A good place might be 
from a ceiling light. 

Place a good swr bridge in 
the transmission line and 
key the transmitter for 


146.000 The swr will be over 
3:1. At this point, trim 1/8 
inch from the radiator and 
repeat the test process. 
When the swr drops below 
1.7:1, you have completed 
the testing. If you cannot get 
the sw r down to 1.7:1, trim 1 /4 
inch from the bottom end of 
the RG-8 braid and recheck 
the swr. 

After the trimming is com¬ 
pleted, apply heat shrink 
over the solder point (center 
of the radiator). This will 
look neat and will protect 
the connection. 

This antenna works par¬ 
ticularly well when hung 
from the curtains in a motel 
room or from a branch of a 
tree. The antenna can be 
rolled up and tucked away 
when not in use. 

I have not delved into 
heaps of radio theory since 
these are supposed to be 
easy projects. Just follow 
the instructions and you'll 
have working antennas that 
will perform like bandits. ■ 
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The Snake with LED Eyes 

A tall tale from the Antlers —where the 
decoration is strange and the stories are even stranger. 


I t was a quiet Friday 
evening more than a 
month from the St. Patrick's 
Day craziness, and I was sit¬ 
ting at my favorite table un¬ 
der the canoe at the Ant¬ 
lers, listening to some VE3s 
chattering on the local re¬ 
peater and savoring an 
oversized can of Australian 
beer. Bill Tomlinson, a local 
newspaperman who also is 
a ham, came in with a cou¬ 
ple of cronies from the 
Coast Cuard base, spotted 
the empty seats at my table, 
and sat down. He motioned 
for two more of the jumbo 
807s, and while the two 
other fellows were ordering 
giant Paul Bunyan ham¬ 
burgers, I quizzed him on 
how things were down at 
the office, how was the new 
rig—all the usual trivia He 
was giving body language 
signals that fairly shouted 
that he had another outra¬ 
geous adventure to relate, 
but he was being cagey, 
waiting for someone to 
coax it out of him. 

Roily Macksohn, presi¬ 
dent of the local repeater 
group on the Michigan side 
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of the border, came in a few 
minutes later with three or 
four kids from a night class 
in computers that he was 
teaching. They pulled the 
next table out from its usual 
place under the stuffed 
moose's rump on the ceil¬ 
ing and pushed it up to 
ours, dragging along chairs 


as needed The waitresses 
brought food and a couple 
of large pitchers of domes¬ 
tic beer. Tomlinson took a 
deep drink, cleared his 
throat noisily, and looked 
around. One of the new¬ 
comers was holding a Tooth 
lager beer can to his left 
ear, listening intently I 


thought at first the kid was 
listening to the bubbles 
fizzing, but then I saw a 
VHF rubber duckie coming 
out of a BNC connector in 
the center of the can lid, 
and I knew this was the 
right sort of audience for 
one of Bill's yarns. Sure 
enough, he took another 
big pull on that oversized 
807 and started right in. 

“New stuff at the paper? 
Well, you might say that 
About three or four weeks 
back, we were having one 
of those really terrible, no¬ 
news days, you know, when 
there's nothing on the 
photo wire but pictures of 
cute children making snow¬ 
men, and a giant icicle at 
some college dorm in 
Houghton is front-page 
copy Tim Gallock was 
walking around with his 
stomach out and his cheeks 
puffed, doing Lou Grant 
imitations. One of those 
days Mary Chen KH6DDD 
comes into the office and 
tells me we have a special 
assignment Now this is a 
little scary, because while I 
like working with Mary and 
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she's utterly gorgeous, she 
also has this NHL-forward 
boyfriend who is insanely 
jealous and has more stitch¬ 
es in his face from fights 
than my word processor has 
failure modes. 

"Anyway, she really liked 
a piece I did a few months 
back on those want ads 
claiming you can make 
hundreds of dollars an hour 
stuffing envelopes for some 
company. It was a really 
funny expose. The readers 
loved it, and I'm still getting 
junk mail like you wouldn't 
believe. We decided to go 
after the want ads again, 
this time the ones in the 
back of the mystery and sci¬ 
ence fiction magazines ad¬ 
vertising 'Beautiful Puerto 
Rican girls desperate for 
American Boyfriends,’ and 
the ones selling antigravity, 
200-mpg carburetor secrets, 
and UFO photos —stuff like 
that 

"We divided it up, Mary 
taking the mail-order girl 
racket first and me going 
after the crackpot inven¬ 
tions. then we'd switch off I 
had a blast at first, sending 
off the newspaper's stamps 
and petty cash to all those 
ads A lot were thinly-dis¬ 
guised pyramid or chain let¬ 
ter gimmicks, or routine 
automotive mousemilk that 
probably wouldn't actually 
wreck your car's engine, but 
wouldn't give you any mir¬ 
acle mileage, either Then I 
ran into an ad that was re¬ 
peated in all the magazines 
printed by a big publishing 
house; it must have been 
sold as a package deal. The 
ad said: 


Tired ol Room QKM' 
Outlaw K ere Hunkers 
Running You Ragged? 



"This one really had me 
wondering This was not, I 


repeat not, an amateur- 
radio magazine, but the ad 
was plainly aimed at us 
hams. Also, forty bucks was 
more than the usual petty 
amount the paper had au¬ 
thorized. I had to argue for 
a few minutes with Fenton, 
the guy at the city accounts 
desk, but he finally agreed 
to go along with it as long as 
we paid by check and kept 
a careful record. I was 
afraid that the ad would 
turn out to be just mislead¬ 
ing, not downright crooked, 
and that I'd get some 
hastily-put-together bag of 
junk ICs that might actually 
act as some kind of direc¬ 
tion finder or callbook file; 
the ad was, after all, a little 
confusing. 

"Three days after I 
dropped the check in the 
mail, the UPS van delivered 
three big cardboard car¬ 
tons, each of them maybe 
the size of a DX-100. Mary 
and I cleared out an old 
meeting room over in the 
printing plant and laid the 
stuff all out on a big con¬ 
ference table Half the bulk 
of the packages was those 
plastic foam peanuts they 
use for packing, but there 
was also a manual the size 
of a Grand Rapids phone 
book and one heckuva lot 
of parts. 

"There was a mother¬ 
board, a fancy aluminum 


card cage, a power supply 
that could have run a size¬ 
able linear, and a dozen cir¬ 
cuit boards, all crammed 
with expensive-looking 
parts. I began to smell a rat 
the size of Sumatra. There 
must have been a couple of 
thousand dollars worth of 
parts there, fancy CMOS 
computer ICs. hundreds of 
gold sockets and precision 
trimmers, and this one mon¬ 
ster chip: a slab of what 
looked like solid sapphire 
the size of a playing card 
and a quarter-inch thick. 
Any of you ever see a 
1024-pin DIP socket be¬ 
fore?" 

There were several 
laughs and shakes of the 
head around the table Sev¬ 
eral jumbo baskets of fries 
were being passed around, 
and more pitchers of beer 
A half-dozen other regulars 
had come over to the tables 
from the corner, over by the 
stuffed boa constrictor with 
the LED eyes that light up at 
closing time. The crowd 
was beginning to get in the 
way of the waitresses, 
though they didn’t seem to 
mind Bill accepted a fresh 
cannister of Aussie brew 
from somebody, refilled his 
glass, and continued. 

"It took us three days, 
working almost full time, to 
assemble the blasted thing 
The manual was pretty ex¬ 


plicit as to how things 
plugged together, but I still 
was having trouble figuring 
out exactly what it was sup¬ 
posed to do Also, I was 
worrying about spending so 
much time in a secluded 
room with such an attrac¬ 
tive YL I finally invited the 
boyfriend with all the scars 
and her both out to dinner 
and over to the plant after¬ 
wards. He turned out to be 
a pretty nice guy, a VE2 
from someplace near Mon¬ 
treal, and a computer freak 
to boot. He was fascinated 
by the gizmo and helped 
me haul all the hardware 
over to my shack for the first 
on-the-air test. 

"The next morning was a 
Saturday, and after a pot of 
coffee and lots of blueberry 
pancakes, we all met at the 
shack Mary and her beau, 
two guys from the news¬ 
paper, and myself First we 
ran coax to two antennas 
The instructions required 
two vertical antennas at 
least a quarter-wavelength 
long on the lowest frequen¬ 
cy to be used Another plug 
ran to one of those flat 
membrane keyboards like 
they use in the cheaper 
home computers, and 
another cable ran to the 
UHF input jack on a TV. I 
hooked it up to a big color 
console that I had been fix¬ 
ing for a neighbor 

When we turned on the 
power, a whole regular 
questionnaire appeared on 
the TV screen, with blanks 
to be filled in by typing on 
the keyboard. I was begin¬ 
ning to worry. Obviously, 
there was a lot of expensive 
computer stuff here, and it 
was going to really hit the 
fan when those people in 
Arizona realized that they'd 
sent it to me by mistake for 
forty bucks. 

"The questions on the 
screen were really detailed, 
but they made sense, sort 
of I typed in the model 
number of my rig and 
plugged the cables provid¬ 
ed into the antenna, vfo, 
and headphone jacks. Next, 
the screen demanded the 



" we all met at the shack: Mary and her beau 
and myself. " 
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".. . and there's this little cartoon picture of a weasel sitting 
on an antique radio." 


exact latitude and lon¬ 
gitude of the antenna array, 
the spacing, and the exact 
length of the coax to each 
in millimeters Well, it so 
happens, there's a sur¬ 
veyors bench mark in the 
corner of my lot, so that 
wasn't hard, and Steve, the 
VE2, volunteered to go out 
in the freezing cold with a 
measuring tape While he 
was getting the measure¬ 
ments, I warmed up the rig 
and then tuned to zero beat 
on WWV, just as the in¬ 
structions said Steve soon 
came back in with the 
measurements required, 
and we had some more hot 
coffee while Mary typed 
the numbers in, 

"Next came the phone 
connection I was a little 
uneasy about bringing Ma 
Bell into the picture, but I 
did as the instructions said 
I plugged the little modular 
jack into the wall, piggy¬ 
back with the regular phone 
cord. Then I dialed the toll- 
free 800 number in the man¬ 
ual There was a series of 
clunks and beeps, and then 
another dial tone I dialed 
the second number, this 
time using the touchtone™ 
pad on the flat keyboard. 
There were more beeps and 
clicks, a single ring, and 
then a strange, robot voice 
that said, 'Good morning. 
Password, please.' 

"I typed in the charac¬ 
ters, ‘WSLNET COM' on the 
keys, and there was a final 
click The color screen 
sprang to life, the question¬ 
naire replaced by some¬ 
thing out of the control 
panel of a movie spaceship, 

I tuned the knob on the rig 
slightly and realized that 
what I was seeing was an in¬ 
credibly detailed panoram¬ 
ic display of the whole HF 
spectrum. The bands were 
displayed in different col¬ 
ors. and the exact center 
frequency of the receiver 
passband was displayed in 
video numbers next to a 
vertical cursor that moved 
as I twiddled the dial. Not 
only that, but there was a 
compass heading in the up¬ 
per left corner that changed 


as I rotated a knob I tuned 
to the twenty-meter phone 
band, and sure enough, the 
signals on the display in¬ 
creased and decreased in 
strength, just like swinging 
a beam. The box was elec¬ 
trically rotating the lobe of 
the antennas without phys¬ 
ically moving any parts. 

"Certainly this gadget 
was worth more than a 
mere forty bucks. It was 
also one heckuva direction 
finder, and I resolved to 
write a nice letter to the 
people at Weasel Net to 
apologize for having 
thought them charlatans. 
The newspaper expose was 
out, but perhaps I could sell 
an article to one of the ham 
or computer magazines and 
get in a free plug for so 
deserving a company. 

"As we sat in the shack, 
tuning across the band, I 
ran into one of those very 
situations that the ad had 
mentioned. I had been lis¬ 
tening to one of those mari¬ 
time mobile nets on the 
high end of twenty, watch¬ 
ing the various signals 


check in from different 
parts of the DX world. Steve 
showed me the controls 
that expanded the scale of 
the panoramic display so 
that ten kFtz or so was 
spread over the whole 
screen, and you could see 
in detail the speech enve¬ 
lope of each station. Sud¬ 
denly some clown was right 
on top of them, calling 'CQ 
contest, CQ contest,' over 
and over again. It was pret¬ 
ty obviously deliberate 
jamming, as the lid never 
once gave his callsign, and 
once or twice wisecracked 
back at the net control sta¬ 
tion who asked him to QSY 
"I could tell that the 
signal was coming from the 
south, probably skip from 
southern Georgia or Flor¬ 
ida, and I had a fairly good 
bearing on the compass 
display I asked Mary how 
I was supposed to get a 
real fix on a signal. She 
showed me how to use a 
light pen to tag the par¬ 
ticular waveform of the 
QRMing signal and touched 
a button. The signal turned 
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a bright orange on the 
screen and stayed that col¬ 
or even on successive trans¬ 
missions. Next, I typed in the 
command that Steve had 
found in the manual: 

A.WSLNET.PAN> 

WSlNET.RDF(Vr 

"The panadapter display 
disappeared, and the 
screen was filled with hex¬ 
adecimal numbers. The box 
plugged into the still-open 
phone line beeped and ker- 
chunked, and there was a 
long blast of what sounded 
like high-speed Teletype®; a 
lot of information was com¬ 
ing in from somewhere. The 
numbers on the screen were 
replaced with a beautiful, 
four-color map of a residen¬ 
tial suburb and a latitude 
and longitude display right 
to the second in the upper 
right-hand corner. This 
apparently was the source 
of the QRM. The US Geo¬ 
detic Survey numbers in a 
corner of the screen al¬ 
lowed us to identify a sub¬ 
urb of St. Petersburg, Flori¬ 
da, and a fuzzy red circle, a 
block or so in diameter, 
showed the source of the in¬ 
truding rf. 

"Steve, who had been 
leafing quickly through the 
manual all this time, typed 
out the characters: 

•WSIID.DIR' 

The picture shifted to what 
looked like one of those 
satellite or high-altitude U2 
photos, blown up until it's 
just a trifle fuzzy. You 
could just make out the cor¬ 
ner house in the block that 
had been circled on the 
map After a few seconds, a 
new version of the picture 
was written slowly on the 
screen, one line at a time 
like a slow-scan TV frame 
or one of those NASA 
photos of Saturn After a 
few passes, the picture was 
greatly improved, though 
still at the same scale. Now 
you could clearly make out 
the details of the large, 

Oldsmobile Toronado in 
the driveway, and a large 
triband beam on a tower in 



the backyard. The right- 
hand margin of the picture 
had a printed listing, ad¬ 
dress and phone number, 
and a facsimile of an ama¬ 
teur-radio license made out 
to one Wilbur Glemp, 1524 
Brightwaters Boulevard NE, 
St Petersburg This was ap¬ 
parently the location of the 
lid who was still calling 'CQ 
contest, CQ contest, any¬ 
body out there for another 
contest?' over and over as 
we listened 

"Steve showed Mary an¬ 
other listing in the manual, 
and she typed it in. The pic¬ 
ture, which had been in 
slightly fuzzy color, now 
switched to black and 
white, but with greatly im¬ 
proved detail. Several more 
passes with the computer 
enhancer didn't do much to 
improve the resolution. The 
telephone line beeped and 
warbled some more; I won¬ 
dered just where the heck 
all this information was 
coming from. A weather 
satellite perhaps? Old 
cartographic photos? It was 
hard to say. 

"I had one of those big 
magnifiers on a pantograph 
arm on the end of the work¬ 
bench. I turned off the little 
fluorescent light and posi¬ 
tioned the lens over the TV 
screen. Now I could just 
barely make out a man 
seated at a table in the 
patio behind the house in 
Florida. There was a ham 
station laid out on the 
table, three boxes, and 
what looked like a linear on 
a little cart. You couldn't 
quite tell if the rig was a 
Collins S-line or some other 
kind of radio, partly be¬ 
cause of the fuzziness of 
the scan lines on the color 
TV and partly because of a 
folded beach umbrella on a 
stand over the table 

"You could see the man 
at the table move, but it 
was a trifle jerky, some¬ 
where between true slow- 
scan and early Project Mer¬ 
cury astronaut films in 
speed This was great, but 
how could I tell that it 
wasn't a hoax and that this 
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. some of you think I 
made the whole thing 
up, " 


fellow sitting there in a loud 
shirt with a microphone in 
one hand and a can of beer 
in the other wasn't just a 
clever cartoon dreamed up 
as a gag by the Weasel Net 
folks out in Arizona? The 
ham license looked gen¬ 
uine. but I was surprised to 
see that it was one of the 
new two-letter prestige 
calls. The rest of the picture 
didn't quite jibe, either. The 
house was obviously in a 
nice neighborhood, right 
across the street from Tam¬ 
pa Bay, with yachts, expen¬ 
sive cars, and lovely Span- 
ish-style homes all around. 
Why would somebody who 
had it made be hassling a 
regular traffic net that was 
eminently useful and con¬ 
structive? 

"I decided to try an ex¬ 
periment. I picked up the 
phone and dialed the Flor¬ 
ida number on the screen 
As the number rang, the 
jamming voice, which had 
been chanting Rotten con¬ 
tests, rotten contests, rot¬ 
ten, rotten, same old con¬ 
tests ' broke off, said, 
QRX one, fellas,' and the 
jerky figure on the screen 
reached for the phone and 
answered it. 'Hello?' 

" 'Mr. Glemp?' I said. 

" 'Yes?' 

" You probably don't 
know me, but my name is 
Tomlinson, and I work for 
one of those government 
agencies famous for its ini¬ 
tials. I wish you’d cut it out. 
May, 1985 


Mr. Glemp. Those fellows 
are just doing their public- 
service duty, and breaking 
the law could get you into a 
lot of trouble. I'm a ham, 
too, and I've got better 
things to do with my time 
than sit in a stuffy federal 
courtroom in Pinellas Coun¬ 
ty. Knock it off, and maybe 
we'll work you on the air 
sometime. 73/ And I hung 
up the phone. 

"The little figure on the 
screen hung up too, turned 
off the rig, and started star¬ 
ing around in all directions, 
even up at the satellite or 
camera or whatever was the 
source of the video. Then 
he started frantically disas¬ 
sembling the station, cart¬ 
ing all the boxes one by one 
into his garage It was com¬ 
ical and pathetic at the 
same time, and I was re¬ 
minded of the famous com¬ 
edy routine by Bob New- 
hart or Bill Cosby, or who¬ 
ever it was, about the little 
brat who answers the 
phone, and the man calling 
says he's God and warns the 
kid not to hang up. 

"I spent the rest of the 
day playing with the rig, 
and you'd be surprised how 
many people do their ham¬ 
ming outdoors where they 
can be seen. I listened in on 
a famous ham on a tiny 
South Pacific island while 
he tinkered with his new 
solar-power plant, Boy 
Scouts gathered around a 
pup tent portable on a 
mountainside, even a love¬ 
ly YL who checked into a 
CW traffic net while sun¬ 
bathing in privacy (or so she 
thought!) beside her swim¬ 
ming pool in California 

"There weren't really 
that many lids breaking the 
rules, most hams really are 
pretty well-behaved, and I 
just didn't have the 
stomach to turn the thing 
on eleven meters. A half- 
hour trying to copy the 
code practice from VV1 AW 
was bad enough. 

"The following Monday, 
I had the guys in the shop 
print up some official¬ 
looking pink-paper forms, 


all covered with eagles and 
lightning bolts and impor¬ 
tant-looking seals, and I had 
a friend who lives in Lang¬ 
ley, Virginia, mail out a 
batch or two to deserving 
idiots as a friendly warning, 
and the QRM died down 
amazingly for a while 

"How about the ker- 
chunkers?" the kid with the 
rig in the beer can inter¬ 
rupted Bill "Was the thing 
any good on VHF?" 

"It surely was, but, of 
course, there were limita¬ 
tions. Listening to the out¬ 
put channel of a repeater 
didn't do any good; you had 
to be able to hear the signal 
direct, and the setup wasn't 
exactly very portable I sup¬ 
pose we could have built it 
into a van and driven 
around with a mobile tele¬ 
phone link and a whole lot 
of surveying gear, but it just 
didn't seem all that practi¬ 
cal Then, too, your average 
repeater kerchunker gives it 
only an occasional hit for a 
second or two, which 
makes him pretty hard to 
pin down. I suppose in the 
case of frequent, extensive 
jamming by a real com¬ 
mode-brain, or in the case 
of clandestine remote 
transmitters deliberately 
planted as a challenge to 
the repeater sponsor, the 
thing would have been 
worth its weight in IRCs. We 
don't have any of that sort 
of crap around here, thank 
God. It's not like those 
stories you hear about 
California." 

"Amen You said it, 

There was murmured as¬ 
sent from around the table 
"Hey, Bill," Roily broke 
the sudden silence that had 
fallen, accompanied by 
several members of the 
group signaling for more 
beer and fries. "You still 
have that marvelous ma¬ 
chine? I'm certain most of 
the fellas here would love 
to get their hands on that 
sort of fancy hardware and 
do their little bit to help 
promote law and order on 
the airwaves" There was 




more muttering and wide¬ 
spread grins; people could 
see it coming. 

"Ahhh, Roily, would that 
I did!" You could see the 
wheels grinding as Bill Tom¬ 
linson thought up his ex¬ 
cuse for not being able to 
produce the marvelous ma¬ 
chine. "I kept that li'l rascal 
for about three weeks, and 
by the end of that period, 
there was a noticeable 
nadir in stupidity on the low 
bands, anyway It's still 
down a bit, to this day Then 
I began to get a little para¬ 
noid I kept wondering who 
was behind these Weasel 
Net fellas, and why any¬ 
body would lay out the 
money and engineering tal¬ 
ent to set up all that equip¬ 
ment, all over the country 
There had to be hundreds, 
maybe thousands of those 
machines, and satellite 
links and heaven knows 
what else Who stood to 
profit? The government, the 
CIA, who? Maybe it was a 
sneaky way for the FCC or 
somebody to get a lot of 


volunteers to help police 
the spectrum, maybe the 
military, or even some for¬ 
eign power was involved. 
An array of hundreds of HF 
receivers all spread across 
the whole country and all 
tied together with comput¬ 
ers and phone lines is a pret¬ 
ty powerful piece of tech¬ 
nology Maybe I was unjust¬ 
ly paranoid, but a number 
of little things began to 
really bother me. 

"First off, that phone line 
was open all the time, both 
ways My regular phone still 
worked okay, but every so 
often. I'd pick up the hand¬ 
set late at night, say, and 
there'd be strange clicks 
and funny teletype noises. I 
never got any extra phone 
bills, but still it bugged me. 
And then I'd go into the 
shack and find the doggone 
rig on, when I swore that I d 
turned it off the night 
before, or I'd leave the 
shack for a while to get a 
cup of coffee or an 807, and 
I'd come back and find the 
dial on the rig set on a dif¬ 


ferent frequency. One time 
I was working this G3 bud 
dy on ten-meter phone, ear¬ 
ly in the morning, my time 
That ding-blasted Russian 
woodpecker comes on with 
its doggone pocketa-pock 
eta noise, and I thinks to 
myself, I'm gonna see 
where that so-and-so really 
comes from, whether it's 
Russia, or Iran, or wherev¬ 
er. So I went through that 
whole routine, like I 
did that time with that 
Glemp turkey in Florida On¬ 
ly, when I typed that 
'WSLNfc I RDF' command 
into the machine, the 
screen turns bright red, and 
a printed notice appears 
that says. Sorry, but we are 
not allowed to divulge that 
QTH at this time. Thanks 
for the good effort, and 
hang in there, OM!' and 
there's this little cartoon 
picture of a weasel sitting 
on an antique radio 
"Finally, I decided that 
enough was enough. I took 
the rig all apart, clear down 
to its component boards 
and modules, making care¬ 
ful photographs of every¬ 
thing as I went. Then I ran 
that whole manual, every 
last page of it, through a 
Xerox machine at work, two 
copies of everything, and 
gave one set to a friend to 
put in a safe place. Then I 
boxed the whole thing up, 
went down to the post of¬ 
fice, and sent it back to Ari 
zona, insured and return re¬ 
ceipt requested. The very 
next morning, I received my 
original check back; it had 
never even been cashed! I 
found enough other stuff in 
the screwy want ads to do a 
fairly humorous piece for 
the paper. Mary did a sep¬ 
arate, serious article about 
the mail-order Oriental and 
Latin American bride agen¬ 
cies; it turns out that just 
like massage parlors, a 
good many of them are per 
fectly legit, though they 
tend to advertise in a slight¬ 
ly sleazy, suggestive tone to 
keep the cards and letters 
coming in. Mary and Steve 
are going to be married 


right after the Stanley Cup 
playoffs, and they are al¬ 
ready planning to generate 
lots of harmonics. Those 
old jokes about non- 
Caucasian hockey players 
may not be very funny in 
another twenty years or so. 
Ooops, there goes last 
call!" 

There was a cacophony 
of bells, gongs, sirens, 
steam whistles, and gun 
shots as the clock over the 
bar lit up for last call. The 
eyes on the snake lit up, and 
the stuffed grizzly bear 
came out of the women's 
washroom on its roller 
skates and rolled up to the 
bar making tinny growling 
noises. The bartender pat¬ 
ted the bear and threw a 
couple of switches behind 
the cash register. The bear 
rolled around the room, 
growling more, and rolled 
back into the women's 
john 

Bill got up to go. Ffe took 
a handful of 5" X 7" photo¬ 
graphs from his inside coat 
pocket and tossed them on 
the table next to a pyramid 
of Australian beer cans. 

I realize some of you 
probably think I made the 
whole thing up, just so I 
could mooch a couple of 
free drinks while I told you 
a bunch of lies, only of 
course you're too polite to 
say it. Ffere you go, look 
'em over I've got plenty 
more prints. Good night!" 
and he walked out the door, 
ducking his head to miss 
the stuffed coyotes and the 
airplane propellors hanging 
from the ceiling Two guys 
I'd never seen before got up 
from a corner table under 
an old Irish flag and fol¬ 
lowed him out 

beautiful photos of fancy- 
looking electronic gear, but 
somebody set them down in 
a puddle ot spilled Foster s 
on the table and they 
suddenly fizzed, smoked, 
and turned black I m go¬ 
ing to ask Bill tor a couple 
ot those passwords and 
phone numbers next time I 
see him ■ 


30 73 for Radio Amateurs • May, 1985 













Harry D. Hooton W6TYH 
1420 Shamrock Lane 
Lincoln CA 95648 


Up, Up, and Array 

W6TYH's hybrid col I inear will rocket your signal to new heights! 


W hen an antenna con¬ 
ductor is cut for half¬ 
wave resonance at a given 
frequency, it is called a di¬ 
pole. When a dipole is oper¬ 
ated at a frequency twice 
that at which it resonates as 
a dipole, its radiation char¬ 
acteristics change and it 


becomes a simple, rudimen¬ 
tary, bi-directional beam an¬ 
tenna or array. While the 
vertical directivity remains 
the same as that of the di¬ 
pole, the horizontal directiv¬ 
ity can be concentrated into 
a sharp pattern, as shown in 
Fig. 1. 




In the past, the array 
shown in Fig. 1(a) was first 
called a full-wave, cen- 
terfed zepp antenna. Later, 
it was dignified by calling it 
"a pair of half waves in 
phase," or "collinear" an¬ 
tenna In its simple form, it 
consists of a pair of radiators 
each 180 degrees long, as 
shown, and fed at the center 
with an open wire, usually 
some definite number of 
quarter wavelengths long. 
The simple double-zepp an¬ 
tenna has a a bi-directional 
gain over a half-wave dipole 
of about 2.8 dB. 

If each radiator element 
length is increased to 230 de¬ 
grees, the radiation pattern 
becomes sharper in the hori¬ 
zontal plane and the gain in 
each direction increases 
slightly to about 3.0 dB over 
that of a half-wave dipole. 

The array with the two 
230-degree elements is usu¬ 
ally referred to as an extend¬ 
ed double-zepp antenna 
and will be found in most an¬ 
tenna handbooks. These an¬ 
tennas generally are used on 
the 75- and 40-meter bands 
but will work well on the 20- 
and 15-meter bands for dis¬ 
tances of up to 2500 miles 
or so. 

An Improved 
Extended Double Zepp 

Today, most hams prefer 
to use coaxial-cable trans¬ 
mission lines mainly be¬ 


cause porcelain spreaders 
have become almost non¬ 
existent, but also because 
the long open-wire lines are 
considered unsightly. The 
array shown in Fig. 1(b) uses 
the conventional open-wire 
tuned-feeder type of trans¬ 
mission line, a quarter wave¬ 
length long between points 
X and Y. The 4:1 balun cou¬ 
ples the resonant circuit to 
the 52-Ohm line. I used this 
antenna on 14.3 MHz for 
several years with good re¬ 
sults for medium-distance 
contacts across the USA. 
However, the feed system 
was an eyesore, particularly 
to the XYL, and the system 
was changed to allow coax¬ 
ial feed all the way up to the 
radiators. 

As most hams know, a 
gain difference of 0.2 dB is 
peanuts and will not be ap¬ 
parent in the strength of a re¬ 
ceived signal If the radiator 
elements are made 180 de¬ 
grees long instead of 230 de¬ 
grees, a tuned circuit can be 
inserted at the center feed- 
point and the 52-Ohm coax¬ 
ial line can be coupled to 
this circuit through the 4:1 
balun as before. It should be 
understood distinctly that 
this circuit is not a "trap" in 
the usual sense but a paral¬ 
lel-resonant circuit tuned to 
the operating frequency. 
Each radiator section is 180 
degrees (half wave) long at 
the operating frequency 
The construction and adjust- 



Fig. 2. Coupling circuit moved to the center of the antenna. 


Fig. 3. Added phasing stubs. Center elements may be 230° 
long (extended double zeppj or 180° (two half waves in 
phase) collinear. See text. 


merit of the resonant circuit 
will be covered in detail 
later. 

Adding Additional 
180-Degree Elements 

If we add two more ele¬ 
ments to the extended dou¬ 
ble zepp, as shown in Fig. 3, 
the width of the horizontal 
radiation pattern will be re¬ 
duced and the gain in each 
direction will increase to 
about 4.5 dB over a half¬ 
wave dipole operated under 
the same conditions of 
height and power input. In 
the past, it has been the 
usual practice to use open- 
wire line for the quarter- 
wave phasing stubs. When 
constructed from No. 12 or 
No. 14 copper conductors 
and porcelain spreaders, the 
stubs are unsightly to most 
people and tend to whip 
around in the wind. After a 
short time the two conduc¬ 
tors are not equally spaced 
from top to bottom, and the 
system becomes detuned. If 
the stubs are made of good- 
quality 300-Ohm line sec¬ 
tions, the spacing will re¬ 
main constant under all 
conditions and the append¬ 
ages are not so noticeable. 

In the past, it has been the 
custom to prune the length 
of the stubs to resonate the 
system and produce the cor¬ 
rect phase relationship be¬ 
tween the radiator elements. 
If the stubs are made equal 
to 246 x 0.82/f, where f is 
the operating frequency, 
with about 6 to 8 inches 
added to the calculated 
length, a variable capacitor 
may be inserted in series 


with the stub conductors as 
shown in Fig. 3. Each capac¬ 
itor can be adjusted for 
correct system resonance 
and phase. The capacitors 
for a 20-meter array are 
about 360-pF maximum ca¬ 
pacitance and were ob¬ 
tained from old tube-type 
table-model AM radio re¬ 
ceivers. 

To adjust the capacitors 
for correct resonance and 
phase, I used a battery-oper¬ 
ated portable shortwave re¬ 
ceiver (the GE model 7-2990) 
for a field-strength meter. 
The receiver is placed about 
200 feet (or more) distant 
from the "front" or "back" 
of the array and the array is 
excited with about 5 to 10 
Watts of rf power at the op- 
erating frequency. Have 
someone watch the S-meter 
indication on the receiver. 
Make certain that the re¬ 
ceiver is tuned for peak me¬ 
ter indication. Simply adjust 
each phasing capacitor for 
maximum indication on the 
receiver S-meter. Carefully 
remove each capacitor with¬ 
out disturbing its capaci¬ 
tance setting. In the lab, 
measure or otherwise deter¬ 
mine the adjusted capaci¬ 
tance of each capacitor. 
Select a mica dielectric 
fixed capacitor of the same 
value as that of the adjusted 
variable. Insert the fixed ca¬ 
pacitor in the stub in the 
same position as that occu¬ 
pied by the variable. Check 
the field strength as indi¬ 
cated by the receiver S-me¬ 
ter. 

If you wish to resonate 
and phase the array by ad¬ 


justments in the 300-Ohm- 
line stub lengths, make the 
stubs about 6 to 8 inches 
longer than the calculated 
length as described above. 
Using a grid-dip oscillator 
tuned to the operating fre¬ 
quency, couple the shorted 
end of each twinlead stub 
to the grid-dip oscillator 
coil Prune the length of the 
stub, a half inch at a time, 
for the greatest dip indica¬ 
tion on the gdo. When each 
stub has been adjusted in 
this manner, short the two 
stub conductors together 
and solder the connection. 
Tape with plastic electrical 
tape to keep out moisture. 

Howto Eliminate 
Phasing Stubs 

The purpose of the phas¬ 
ing stubs is to shift the phase 
of the rf current and voltage 
so that each 180-degree ra¬ 
diator section will be in 
phase with that of the oth¬ 
ers. In other words, the rf 
currents in all radiator ele¬ 
ments must be flowing in the 
same direction at any given 
instant. If you will check 
your basic theory of reso¬ 
nant circuits, you will find 
that in a parallel-resonant 
circuit, at resonance, the 
two rf voltages (or the two rf 
currents) are 180 degrees out 
of phase with each other. 
The rf voltages at the upper 
end of the stub are also 180 
degrees out of phase with 
each other. Therefore, there 
is no reason why a parallel- 
resonant circuit cannot be 
substituted for the stub and 


the radiating system will 
never know the difference. 

When I first discussed the 
idea of using the parallel-res¬ 
onant circuits instead of the 
stubs, a couple of antenna 
experts insisted that the 
tuned circuits would "trap 
out" the current to the end 
radiator elements and that 
the system would not load. 
If you have any doubts, ad¬ 
just the system as described 
later, feed about 25 Watts of 
rf power to the system, and 
then touch a neon lamp to 
each end of each 180-degree 
radiator element. The lamp 
will light up with equal bril¬ 
liance at all high rf voltage 
points. 

The gain of the array will 
be maximum when the 
phase-shift circuits are reso¬ 
nant at the operating fre¬ 
quency. To obtain the 
highest possible gain, the 
resonant circuits should be 
made with a high Q. How¬ 
ever, if the tuned-circuit Q is 
made excessively high, the 
bandwidth of the system 
will be reduced to about 100 
kHz on the 20-meter band. If 
the Q is made relatively low, 
the gain will be reduced 
somewhat but the array can 
be operated over the entire 
20-meter phone band with¬ 
out deteriorated perfor¬ 
mance or an excessive rise in 
the 52-Ohm-line swr. 

For a high-Q 20-meter sys¬ 
tem, the inductor, LI, con¬ 
sists of 3 turns of 1/4-inch 
copper tubing, 2-1/2 inches 
in diameter and spaced to a 
length of about 4 inches. 
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The capacitor, Cl, is a high- 
voltage ceramic type with a 
capacitance value of 500 pF 
The circuit is resonated by 
squeezing or spreading the 
turns of the coil for reso¬ 
nance at the desired operat¬ 
ing frequency (14.3 MHz in 
our case). If constructed in 
this manner, the circuits 
may be inserted in the an¬ 
tenna system without plac¬ 
ing them in weatherproof 
enclosures. (At W6TYH, the 
system does not indicate 
any detuning even in wet 
weather.) It will be neces¬ 
sary to readjust the resonant 
circuits after they are in¬ 
serted in the system, since 
the high-Q units are some¬ 
what sensitive to the height 
of the radiators above 
ground. 

For a low-Q system, make 
the capacitor values about 
150 pF each and each coil 
about 7 or 8 turns. Spread or 
squeeze together the turns 
until resonant at the desired 
frequency as indicated by a 
grid-dip oscillator. When ad¬ 
justing either the parallel- 



resonant circuits or the 
stubs, as described above, 
always monitor the gdo fre¬ 
quency with a calibrated re¬ 
ceiver. The gdo frequency 
will be "pulled" by the coil 
adjustment Both tuned cir¬ 
cuits must be adjusted and 
installed in the system and 
then we are ready to make 
the feedpoint matching ad¬ 
justments. 

Matching Adjustments 

The antenna system will 
be easier to load if the par¬ 
allel-resonant circuit at the 
center is made relatively 
high Q. If LI is made from 
1/4-inch copper tubing, for a 
20-meter antenna, it will 
consist of 5 turns 2-1/2 
inches in diameter, spaced 
for a length of about 4-1/2 
inches. The variable capaci¬ 
tor, Cl, is a 150-pF double¬ 
spaced type removed from 
an old war-surplus transmit¬ 
ter. The output connections 
from the 4:1 balun are 
tapped on LI, one turn each 
side of center. The swr meter 
is inserted in series with the 



-)F 


Fig. 5. Phase-shift circuit details. LI in a) is three turns 1/4" 
copper tubing, 2-1/2" diameter, 4" long. Spread or compress 
turns as indicated by arrows to resonate circuit to desired 
frequency. Narrow bandwidth but easier to load. LI in b) is 
seven to eight turns of same-dimensions tubing, spread or 
compressed, providing greater operating bandwidth. 
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52-Ohm line, as shown in 
Fig. 4(b). 

To start, turn off the sen¬ 
sitivity control on the swr 
meter and place the selector 
switch to indicate reverse or 
reflected power. At the 
transmitter end, feed about 
5 Watts of unmodulated rf 
carrier to the 52-Ohm line. 
The frequency must be ex¬ 
actly the same as that to 
which the phase-shifting cir¬ 
cuits were tuned. With the 
balun output terminals con¬ 
nected as described above, 
set the swr meter selector 


switch to forward and adjust 
the sensitivity control until 
the indicator reads exactly 
full scale. 

Throw the selector switch 
to reverse and rotate Cl for 
the deepest indicated null, 
or dip. If the lowest null in¬ 
dication is not zero, move 
the balun output connec¬ 
tions toward or away from 
the center of the coil, LI. It 
will be found that the cor¬ 
rect points on the coil for 
a perfect match (zero re¬ 
flected power) at the balun 
input terminal will be very 
critical. The tap adjustments 
will affect the resonant fre¬ 
quency of the circuit, L1/C1, 
and it will be necessary to re¬ 
adjust Cl each time that the 
tap positions are changed 
The resonant circuit, LI /Cl, 
should be placed in a water¬ 
proof enclosure A large 
plastic sheet may be placed 
over the entire assembly, in¬ 
cluding the toroidal balun, 
and tied securely with nylon 
twine. 

The arrangement shown 
in Fig. 6(a) uses a 12-turn coil 
made from No. 12 copper 
plastic-covered household 
wire. The coil diameter is 2 








— FAST CHARGER 

for Kenwood TH21, TH31, TH41 
HANDHELD 

2-METER TRANSCEIVERS 

INTROOUCTTORY 

$ 44.86 


Features: 

• Charges in 15 minutes 

• Constant Current 

• Automatic Voltage cut-off 

• Battery doesn't heat-up 

• 12v-14vdc input. 

• Charge from any point in discharge cycle 
without developing “memory” 

• Proven in daily vise 

Charge-Bite 
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Plantation. Florida 33318 
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inches and the turns are 
close-wound on a Bakelite™ 
tube. The coupling (link) 
coil, L3, consists of 5 turns 
of No. 14 fiberglass-insulated 
copper wire wound over the 
center of L2. The variable 
capacitor, C2, is a two-sec¬ 
tion type removed from an 
old AM broadcast radio. If 
the rf power to the antenna 
is over 100 Watts, use a ca¬ 
pacitor with double-spaced 
plates. The common rotor 
terminal of C2 is connected 
to the aluminum case of the 
toroidal balun and the out¬ 
side (shield) conductor of 
the 52-Ohm line 

The matching adjust¬ 
ments are the same as de¬ 
scribed above except that it 
may be necessary to adjust 
the number of turns in the 
coupling coil, L3 At 
W6TYH. we started out us¬ 
ing three turns in L3 but 
found that five turns were 
required to produce proper 
loading at the transmitter 
with a 1:1 swr on the 52-Ohm 
line. 


Antenna Supports 

Our station, W6TYH, is lo¬ 
cated on a ranch in the 
foothills of the Sierras in Pla¬ 
cer County, California, and 
the site is surrounded by 
many trees. The ham who 
uses trees to support his wire 
antenna systems must use 
ingenuity to keep them up 
during stormy or unusually 
windy weather. Fig. 7 shows 
how this problem was 
solved at W6TYH. Fortu¬ 
nately, we have two large 
oak trees about 85 feet 
apart, just about the right 
distance to support the cen¬ 
ter section of the array in the 
clear Each tree has a large 
limbabout35 feet above the 
ground. 

As shown in (a), a hook 
and pulley assembly is made 
up from a bicycle-storage 
hook and a small metal pul¬ 
ley to pass a 1/4-inch nylon 
rope. The hooks can be ob¬ 
tained at most bicycle shops 
or hardware stores. They 
come in pairs and are de- 
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signed to screw into a garage 
wall or ceiling for hanging a 
bicycle or other objects. The 
pulley is securely fastened 
to the threaded end of the 
hook. The support rope 
should be 1/4-inch nylon 
rope and must run freely in 
the pulley without binding. I 
made the mistake of using a 
rope with a diameter too 
small for the pulley. It was 
necessary to lower the an¬ 
tenna with a dozen blasts 
from a 12-gauge shotgun 
(much to the annoyance of 
the XYL and the neighbors) 
after the rope stuck in the 
pulley. 

After the antenna is 
pulled up to the desired 
height, a pair of five-gallon 
plastic pails are attached to 
the lower ends of the rope at 
each end of the array. Drill 
several 1/2-inch holes in the 
bottom of each pail to allow 
accumulated water to drain 
out Fill each pail with just 
enough gravel so that the 
weight will keep the array in 
place but will allow the pails 
to move up and down during 
severe wind storms. I had 
just returned home from the 
hospital, about two years 
ago, when we had a severe 
storm with 75-mph winds. 
Several verticals and one 
three-element beam bit the 


dust (mud) but the 20-meter 
collinear remained in place. 
For two days I lay in bed, 
hooked up to an oxygen 
tank, and watched the plas¬ 
tic pails go up and down like 
elevators in a skyscraper. 
But the antenna stayed up. 

The best performance 
will be obtained, of course, 
if all of the radiator sections 
are stretched out in a 
straight line as high above 
ground as possible. At 
W6TYH, because of interfer¬ 
ing tree branches, the end 
sections slope toward the 
ground. The array appears 
to have a gain of about 5 or 
6 dB in each direction in 
spite of the fact that the in¬ 
stallation is not perfect. Be¬ 
cause of the proximity of the 
ground to the ends of the ra¬ 
diators. it was necessary to 
adjust the length of each 
end section about 6 inches 
longer. We had expected 
that each section would re¬ 
quire shortening. The sketch 
in Fig. 7(b) shows how the 
conductor length is ad¬ 
justed. 

I would be interested in 
hearing from readers who 
build this array. All letters 
will be answered if a 
stamped, self-addressed en¬ 
velope is enclosed. ■ 



Fig. 7. 









Leon Fletcher NbHYK 
274 Webster Drive 
Ben Lomond CA 95005 


Good to the Last Dot 

Is there life beyond WX HR IS? With these practical tips 
you'll perk up every QSO and make every contact an adventure! 


A surprising number of 
readers of 73 responded 
to the invitation, published 
in the September, 1983, 
issue, to "send me the tips 
you've discovered, the tech¬ 
niques you use to improve 
your on-the-air skills." 

That invitation accom¬ 
panied my article "How to 
Increase Your QSOs" which 
presented eleven "practical, 
QSO-tested techniques — 
specific information every 
Novice needs immediately 
after he or she has passed 
the FCC tests: tips and tech¬ 
niques about actual on-the- 
air operation." 

Not only beginners can 
benefit from tips, however 
As the article noted, many 
General-class operators, and 
even a good many Ad- 
vanceds and Extras, make 
basic operating goofs. One 
reason may be the lack of 
such tips in standard oper¬ 
ating manuals, handouts, in¬ 
structional guides, and such 
material. 

My tips came from two 
sources. Most came the 
hard way—from my own 


on-the-air experiences. The 
rest came from a poll I 
conducted of the 96-mem¬ 
ber US Naval Postgraduate 
School Amateur Radio Club 
in Monterey, California. 

That article did not pre¬ 
sent techniques which are 
unusual or sophisticated. 
Rather, it detailed these 
quite basic techniques, most 
of which are usually unpub¬ 
lished or ignored: 

• Using headphones 

• Listening around the "Big 
Guns" 

• Listening at a "hangout" 

• Listening where there's 
no action 

• Sending at a speed a bit 
beyond your skill 

• Slowing your CW speed 
when you start fumbling 

• Making your on-the-air 
time important to you 

• Ignoring stations which 
"don't sound right" 

• Knowing how to tune up 

• Checking the action on 
other bands regularly 

• Learning to live with 
QRM and QRN 

A few days after the arti¬ 


cle was published, letters 
started arriving at my shack 
as hams across the country 
sent me additional tech¬ 
niques they find valuable. 
Here are the best of their 
suggestions. 

KD3S 

"I call this tip the nega¬ 
tive CQ," wrote James F. 
Reid KD3S, of Laurel, Mary¬ 
land. "I discovered it rather 
by accident. I had been call¬ 
ing CQ until I thought my 
arm would drop off and was 
getting no answer I said to 
heck with it and tuned the 
rig to a quiet spot and sat 
back to read a magazine. 
Within five minutes some¬ 
body started calling CQ on 
my frequency. I called him 
back for a nice QSO. Since 
then I've had success with 
this trick several times. Just 
tune the rig to a quiet spot 
and wait. The QSOs will 
come to you." 

K8GPT 

Norm Hediger K8GPT, 
who operates from Dear¬ 
born, Michigan, sent some 


suggestions for the next step 
in QSOing. He wrote, 
"Along with making the con¬ 
tact is the problem of what 
to do during the contact." 
His tips include, and I quote: 

1. When you operate, be 
alert and attentive to what 
you are doing and hearing 
Sit in a comfortable posi¬ 
tion. Don't slouch—it's too 
easy to doze off or let your 
mind wander. 

2. For making notes or 
copying, use a good pen or 
pencil—one that you are fa¬ 
miliar with and which is 
comfortable to you. Don't 
try to get by with that old 
chewed-up stub that once 
was a pencil. 

3. Use a decent size piece 
of paper for your notes — 
not just any scrap you can 
find. The reverse side of 
your log sheet makes a han¬ 
dy place to write notes. A 
clipboard or pad sometimes 
helps. 

4. When copying, try writ¬ 
ing everything in small let¬ 
ters. Printing and capital let¬ 
ters sometimes take more 
time and slow down your 
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speed. Also, don't try to 
write on your knee; use your 
operating desk or table¬ 
top-something solid. 

K1PLR/3 

The importance of listen¬ 
ing was emphasized in a let¬ 
ter sent by H. A. Arsenault 
K1PLR/3 of Erie, Pennsyl¬ 
vania. "I try to spend at least 
15 minutes getting 'the lay 
of the land'"—listening up 
and down a band before go¬ 
ing on the air. "You make no 
friends by loading up, tun¬ 
ing, and going on a blind fre¬ 
quency." 

He also stressed the value 
of studying propagation pre¬ 
dictions. "Be able to predict 
or understand what bands 
are open and when. It is 
most discouraging to put up 
a nifty antenna and call CQ 
on 10 meters until I turn 
blue in the face with no re¬ 
sponse, only to find out that 
my efforts coincide with 
the biggest solar flare in 
history." 

Finally, K1PLR/3 pointed 
up the importance of brevi¬ 
ty and of skill in using your 
equipment "No one likes to 
contact someone who, with 
the aid of a keyer, takes ten 
minutes to send his name." 

KA8DKT 

Tuning techniques were 
detailed by Gary Sharpe 
KA8DKT of Toledo, Ohio. 
He wrote that while a ham 
sometimes needs to tune up 
on the air, "It seems most 
hams believe that you must 
tune up on exactly the fre¬ 
quency you are going to op¬ 
erate. For example, listen to 
any DX station—CW or 
SSB—and [you'll hear many] 
carriers [tuning up] during 
the contacts." 

Gary then pointed out, 
"There is no commercially- 
made transmitter which 
tunes so sharply that an op¬ 
erator couldn't move as 
much as 30 kHz up or down 
the band to a clear spot to 
tune up." 

He added, "My technique 
is to select a General-band 
area that I wish to operate 
in —usually 40-100 kHz 


wide. I then tune the trans¬ 
mitter up at the approx¬ 
imate middle of this band 
area, taking care not to in¬ 
terfere with any QSOs in 
progress. 

"Now I am free to work 
stations or call CQ in a 
100-kHz range without 
touching any controls on the 
transmitter except the vfo. 
Most transmitters and trans¬ 
ceivers will operate at least 
±40 kHz from the tune-up 
point quite satisfactorily. 
And even if the power out¬ 
put drops a few percent at 
the extreme ends of the 
bandwidth, a ham should 
know that it takes almost a 
30% decrease in output 
power to make a noticeable 
difference at the receiving 
end—even in a pileup " 

W9ALM 

Six suggestions were sent 
in by William C. Caldwell 
W9ALM, of Kokomo, Indi¬ 
ana. Bill holds an Extra-class 
license and has been ham¬ 
ming for 46 years ("since I 
was 13—same call letters"). 
He works "mostly CW— 
99% since getting on the 
air." His advice is: 

1 Listen before transmit¬ 
ting—learn how to use 
QRL? (Is the frequency 
busy?) This is very important 
because you may not be 
able to hear a station who is 
too close due to skip or 
band conditions. 

2. Learn the "BK" QSO 
system. BK means "break- 
in"—not just "back to you." 
Since you need to send your 
callsign only every ten min¬ 
utes, you can get a lot more 
information by not signing 
your call every time, lust 
send "BK" at the end of your 
message and the other sta¬ 
tion starts transmitting—if 
he knows the BK system. 

3. Learn to combat QRM/ 
QRN. If your rig has internal 
filters, use them. If not, try 
an external filter. Also learn 
how to ask for a QSY (a re¬ 
quest to change frequency). 

4. Use a tape recorder. 
Record QSOs to help im¬ 
prove your sending. This is 
the best way to learn how 


you sound at the other end. 
Simply put the microphone 
of the recorder near your 
speaker. 

5. If you have more than 
one antenna for a given 
band, use a multiple-anten¬ 
na switch. The antenna 
which gives the best recep¬ 
tion will usually give the 
best transmitted signal. 

6. Make schedules with 
hams you like to QSO. Real 
friendships can develop. 
Visit them when traveling 
near their QTH. 

W®VS 

Another ham who "oper¬ 
ates almost exclusively CW" 
sent a good tip from Sierra 
Vista, Arizona. Jim Droege 
W0VS, wrote: "People who 
habitually run high speed — 
25+ wpm—can have a lot 
of trouble at slower speeds " 
The solution. Make a regular 
routine of sending at differ¬ 
ent speeds. Jim adds, "Varie¬ 
ty [in your speed of sending 
CW] also seems to improve 
your accuracy." 

Jim also added another 
advantage to using head¬ 
phones, besides the benefits 
named in my September, 
1983, article: Good phones 
increase the volume, focus 
your attention, sharpen your 
listening, reduce other 
sounds, and improve your 
operating. Jim's perceptive 
addition: "Phones also make 
my wife happy!" 

W2HAE 

Arthur C. Ford W2HAE, of 
Melbourne, Florida, submit¬ 
ted these tips: 

1. The newcomer must be 
acquainted with his equip¬ 
ment—what it can or can¬ 
not do. The current trans¬ 
ceivers are gems in flexibili¬ 
ty if owners will take the 
time to read the manuals 
and experiment. 

2. If the swr is poor, find 
out why and adjust the an¬ 
tenna for maximum efficien¬ 
cy or generally minimum 
swr. 

3. Another overlooked 
item is the position of the 
antenna-loading switch. 
One position will give you 


the best match or efficiency. 

4. Avoid CQing on top of 
a foreign broadcast carrier. 

5. Pick an open spot as 
clean of QRM as you can 
find. Don't fight the heavy 
concentration [of stations, 
QRM, or QRN] in one band 
spot Spread out If 80 me¬ 
ters is QRN-plagued, shift to 
a higher band. And do not ig¬ 
nore 10 meters in the eve¬ 
ning; look there for a nice 
solid QRM-free QSO. 

6. Learn —by listening to 
other operators who are 
more experienced. 

7. Avoid punctuation. The 
common "BT" should suf¬ 
fice on most occasions to 
separate thoughts or sen¬ 
tences. 

8. Unnecessary QSZ (send¬ 
ing each word or group 
more than once) serves no 
purpose if you are sending 
at the proper speed to the 
other fellow. 

9. Practice sending CW in¬ 
to a tape recorder, and copy 
your own sending for pun¬ 
ishment 

10 After sending a CQ, 
rock the RIT control and 
sometimes you'll find some¬ 
one calling you just enough 
off your frequency [so that 
you might not have heard 
him or her if you left your rig 
at the exact frequency on 
which you called]. 

Do such tips seem too 
basic for you? Then check 
again the second and third 
paragraphs of this article! 
These are intended to be tips 
Novices need as they first 
begin to operate. But don't 
be too cocky—many Ad- 
vanceds and Extras also can 
be heard making basic oper¬ 
ating goofs! ■ 


Do you have still more 
tips for Increasing your 
QSOs—techniques which 
were not Included either 
hare or In my September, 
1983, article? Please sand 
them to me, so that we 
may publish another 
roundup of Ideas. Include 
your call, name, and QTH 
so that you may be credit¬ 
ed for your suggestions. 
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Clen Russell N2CMU 
91 5 Academy Street 
Watertown NY 13601 

T his antenna should be of 
interest to mobile hams 
as well as indoor antenna 
users. It will let you go HF 
mobile without a whip. 

The project started when I 
was trying to use a Hustler 
mobile whip-type antenna 
that uses three resonators. 
After having problems with 
mounting brackets and find¬ 
ing the whip to be a little too 
top-heavy, I decided to elim¬ 
inate the 5-1/2-foot whip al¬ 
together. It's true that guy 
strings could have been 
used, but that would have 
made a rather unsightly 
lash-up. 

Instead, I took an old Hus¬ 
tler 80-meter resonator and 
unwound its coil. I then used 
the coil as a mounting fix¬ 
ture for my HF rooftop an¬ 
tenna. I found a strong 
magnet-mount base (off of a 
CB antenna). The 80-meter 
resonator thread size is 3/4* 
#24 and the magnet mount 
was already countersunk, so 
it was a simple matter of us¬ 
ing a 3/4" #24 nut to fasten 
the modified resonator to 
the magnet securely. The 
magnet must be strong 
enough to hold firmly onto 
the roof of the car at 60-65 
mph. 

Next, I drilled and tapped 
the top of the resonator to fit 
a 1/4" #20 bolt. I took the 
Hustler 3-resonator adapter 
plate and enlarged the cen¬ 
ter hole so it would fit snugly 
over the resonator. I fas¬ 
tened it in place with a 1/4" 
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Porcupine Mobile 

Bristling to work HF from your car? 
Sport these spikes and hit the road. 


#20 bolt and lock washer. 
You now have a fixture for a 
roof-mounted, 3-resonator 
HF antenna 

I made a plastic-type 
plate, mounted a female 
coax connector (see photo), 
and drilled a couple of small 
holes through the resonator 
for mounting the plate. Note 
the three turns of #10 cop¬ 
per wire on the resonator. 
This serves only to connect 
the center conductor of the 
coax fitting to the resonator 
plate. A straight wire could 
have been used, but I 
thought it would look much 
better with three turns (and 
it does). 


Don't forget to connect 
the ground lug of the coax 
connector to the base of the 
mount. When all three reso¬ 
nators were in place and ev¬ 
erything was properly tight¬ 
ened, I sprayed the entire an¬ 
tenna with three coats of 
clear Rustoleum metal pro¬ 
tector. This prevents weath¬ 
er damage 

The height of the antenna 
from the rooftop to the 20- 
meter resonator tip is 32" 
(total height). The distance 
from the base to the top of 
the adapter plate is only 
9-1/2* 

Now for the on-the-air 
test. I was unable to adjust 


the resonators enough to get 
the swr lower than 2.8:1. This 
was no good! It was no 
doubt due to the close prox¬ 
imity of the resonators to 
the car roof I still had no 
doubts that it could be 
made to work, so I bought a 
MFJ 940-B Versa Tuner. This 
solved the problem. 

On any frequency within 
the 10-, 15-, and 20-meter 
bands, the tuner will bring 
the swr down to 1.1:1. The in¬ 
line wattmeter shows full 
output—100 Watts on 20,90 
Watts on 15, and 80 Watts 
on 10. (I'm using an FT-77 
mobile rig.) 

On-the-air performance 
has been very good. I think it 
is better than when I was us¬ 
ing the whip. I believe this 
may be due to the tuner, 
which allows much sharper 
tuning of the antenna at a 
given frequency. When us¬ 
ing the whip setup, if you 
vary the frequency more 
than 50 kHz. the swr changes 
rapidly and it is necessary to 
readjust the resonator — 
which is not always easy to 
do. With or without a whip, I 
highly recommend an anten¬ 
na tuner! 

There is no doubt that the 
radiation pattern is much 
different than that of a whip, 
but it seems to be a favor¬ 
able difference My signal 
reports have been excellent 
All I can say is that it works, 
and I don't have to worry 
about the 5-foot whip and 
the mounting brackets. This 
antenna would also make a 
great indoor tabletop an¬ 
tenna when used with a 
tuner. 73.■ 




Eugene Dusina W4NVK 
4724 Ridge Crave Road 
Knoxville TN 37918 


The Rubber Duck Debunked 

In ten minutes you can have 10 dB gain over 
your H Vs duckie. It's enough to make you try. 


S ometimes with only an 
HT and a rubber ducky 
available, hams find that 
they can't quite bring up a 
much needed patch. A tem¬ 
porary way to boost power 
would be very useful. This 
article describes a simple 
antenna attachment which 
will boost power about 10 
dB It does not interfere with 
the portability of the radio. 

How Bad Is It? 

The typical ducky an¬ 
tenna used on hand-held 
radios has a large loss 
compared to a simple di¬ 
pole. At 2 meters, for exam¬ 
ple, using a pull-out whip 


dipole from a portable TV, 
with each whip pulled out to 
19.5" in length, fed with 
about 3 inches of 50-Ohm 
coax, and held vertically 
against the radio's side, 11,5- 
dB gain over the ducky was 
measured on a commercial 
field-strength instrument. 
The typical small TV dipole 
folds into a U shape about 
1.5' x 10". and pulls out 
any distance up to 60". Al¬ 
though quite a good an¬ 
tenna, it is a bit clumsy 
to use. 

A Better Way to Co 

I settled for a less perfect 
simulated dipole which 



Fig. 1. HT antenna improvements. 
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measured 9.5 dB better than 
the ducky. To make it, I used 
a regular BNC-fitted upper 
whip of 23 "in length, replac¬ 
ing the ducky. A similar up¬ 
side-down antenna, pulled 
out to 21" in length, made a 
lower dipole element. Its up¬ 
per large end is grounded to 
either the radio chassis or 
the shell of the BNC connec¬ 
tor on the radio. The lower 
whip is shorter to compen¬ 
sate for the effect of the 
chassis. 

Both whips can store on 
the radio's side by making a 
holster of 1' pieces of flexi¬ 
ble plastic tubing into which 
the collapsed antennas slip. 
Cement the tubing to the ra¬ 
dio's plastic case with instant 
glue. (Put the tubing on the 
side that will allow the bat¬ 
tery to slide off if the 
collapsed antennas extend 
down that far.) The lower 
whip can be permanently at¬ 
tached to the radio so that it 
quickly pulls down when 
needed, and is out of the 
way when not in use. 

Table 1 shows measured 
gains of antennas adjusted 
in length for the best field of 
radiation at0° elevation an- 

Duck an- = 0 dB reference 

20' = + 7.5 dB better 

than duck 

21' x 23' = +9.5dB better 

whips than duck 

39'TVdi- = +11.5 dB bet- 
pole ter than duck 

Table 1. Experimental com¬ 
parison on an ICOM 2A T at 
146 MHz. 


gle. Variation in the length 
of the elements by an inch or 
two caused small variations 
in radiated field, which 
would be masked in practi¬ 
cal use by much larger vari¬ 
ations due to the holding 
position of the radio. Those 
variations are due to detun¬ 
ing and absorption effects 
of the body of the user, and 
are the price paid for extra 
small size and close holding. 

Unusual care getting pre¬ 
cise lengths, good match, 
etc., is wasted effort. Al¬ 
most any elements about 
the length mentioned cause 
a large increase in radiation, 
and the extra which could 
be gotten with precision will 
vanish at a slightly different 
hold of the radio. 

Hand-held radios are de¬ 
signed to tolerate large swr 
ratios without damage, for 
they get these routinely as 
the unit is moved about in 
the hand when transmitting. 
The wise ham needing more 
power will get extra output 
by an antenna efficiency 
boost. The novice will strain 
his finals and reduce vswr 
immunity by using an over¬ 
voltage battery, to boost rf 
power. 

Make-Do Is Good Enough 

I suggest the practical 
ham use whatever whip he 
has, and if it pulls out too 
long, solder the extra end 
sections to the top bead so 
that it pulls out to the 
length he finds best That 
will be good enough. We 




are after better practical 
performance, not a stan¬ 
dard reference antenna 

The tinkerer can use a 
simple field-strength meter 
at close range to find the 
best lengths for his radio. 
The dimensions are not very 
critical, but he may want to 
prove to himself that he has 
gotten close to the best pos¬ 
sible. 

Fig. 1 shows how I ar¬ 
ranged an ICOM 2AT an¬ 
tenna. Both whips store on 
the side when the ducky an¬ 
tenna is being used. 

All other hand-held radios 
which use whips working 
against the radio as a ground 
plane suffer similar loss and 
should experience similar 
improvement. The improve¬ 
ment is small above 1000 
MHz, modest at 420, sizable 
at 220, large at 144, and 
enormous at 6 and 10 me¬ 
ters. This is directly related 
to how much smaller than a 
quarter wavelength the 
usual hand-held chassis is. 
Apparently, the added 


ground plane from the hand 
and body is canceled by the 
losses in the skin to the rf 
coupled from the chassis 

I suggest manufacturers 
build into hand-held radios a 
small-diameter collapsible 
whip pointed downward 
which would temporarily 
boost erp by a large amount 
for those difficult propaga¬ 
tion conditions. Such an in¬ 
novation would greatly 
increase the utility of hand 
units. 

I personally used the con¬ 
cept of an extra, built-in, up¬ 
side-down whip on the first 
CB hand-held radios in the 
1950s. They desperately 
needed more ground plane, 
and the effect was quite im¬ 
pressive. Since the concept 
was not patented and some 
were sold, the idea is now 
presumed to be in the public 
domain, by my understand¬ 
ing of patent law. Therefore, 
commercial addition of this 
feature would be very inex¬ 
pensive and greatly increase 
sales appeal. ■ 



ALL MODE MOBILE TELEPHONE INTERFACE 
Automatic Vox Phone Patch System 



HOTLINE-007 is a fully automatic simplex telephone interconnect. Operates through any base transceiver with FM-AM- 
Squelched SideBand mode. No modifications to the transceiver, just connect to the external speaker, microphone and phone line. 
VOX operation both transmit and receive. Selectable tone or rotary dialing. Repeater pickup operational also. 


* Programmable access code 

* Adjustable VOX both transceiver 
and phone line. 

* Will not transmit when frequency 
is busy , 7 second clear time 


* Programmable CW ID 

* Adjustable microphone 
and line gain 

* Microphone jack for 
base operation 


* 3 or 12 minute timer 

* Dial restrict switch 

* Ringback (reverse patch) 

* Accepts speed dialing 

* Operates on 115/220 VAC, 12 VDC 


NO EXTRAS TO PURCHASE FOR OPERATION, TRANSCEIVER AND PHONE LINE CONNECT TIME 30 MINUTES. 



EXCLUSIVE IMPORT DISTRIBUTOR 

1275 N. Grove Street 
Anaheim. California 92806 


NOTE: Prices and specifications subject to change 
without notice or obligation 


"When You Buy, Say 73" 
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lonalhan L. Mayo KR IT 
125 Wilton Woods Lane 
Media PA 19063 


The No-Baloney Lunchbox 


We suggest you paint this antenna tuner 
before showing it to your friends. 


O ne of the most useful 
and easily-built proj¬ 
ects for the ham shack is the 
antenna tuner. An antenna 
tuner, or transmatch, is a de¬ 
vice used to couple a trans¬ 
mission line to a transmitter, 
providing an artificial match 
between the antenna and 
the transmitter when the swr 
would otherwise be too high 
for proper operation. It does 
not actually correct the an¬ 
tenna mismatch, but "tricks" 
the transmitter into thinking 
the antenna is matched and 
therefore lowers the swr at 
the transmitter to an accept¬ 
able level. The capabilities 
of an antenna tuner can be 
handy in a variety of operat¬ 
ing situations. Let's discuss 
antenna tuners in general 
before going into details 
about my "lunchbox" de¬ 
sign, 

One of the most common 
applications for the antenna 
tuner is combining it with a 
longwire antenna of random 
length, or other radiating de¬ 


vices such as window 
screens or bed frames, and 
tuning the antenna for each 
band as required. If the long- 
wire antenna is not part of 
your present antenna sys¬ 
tem, there is still a definite 
need for an antenna tuner. If 
CW is your game, your an¬ 
tennas are probably opti¬ 
mized for the CW portion of 
the band, and vice versa for 
phone Moving from the CW 
portion of the band to the 
phone portion can result in 
unacceptable swr readings, 
especially if your antennas 
are not particularly broad- 
banded and you are using a 
solid-state rig. This is where 
an antenna tuner can come 
in handy. 

The unacceptable swr 
can be reduced to an ac¬ 
ceptable level by inserting 
an antenna tuner in the 
transmission line along with 
an swr meter and adjusting it 
for the lowest swr. In most 
cases the line loss is negligi¬ 
ble and the benefits far out¬ 



Photo A. Front panel of the lunchbox antenna tuner. Con¬ 
trols, from left to right, are: inductor taps, R-in/R-out switch, 
and variable capacitor. 
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weigh any trouble it might 
be to implement it into your 
system. Also, many solid- 
state transmitters have a 
built-in swr protection cir¬ 
cuit that decreases power 
when the swr increases to 
unacceptable levels. There¬ 
fore, a low swr ensures full 
power to the antenna or am¬ 
plifier. Antenna tuners also 
tend to attenuate harmonics 
from the transmitter; the 
amount depends on the de¬ 
sign of the unit A good an¬ 
tenna tuner can help reduce 
TVI considerably. 

There are many different 
designs for antenna tuners, 
some more complicated 
than others. Among the dif¬ 
ferent designs are the pi net¬ 
work, the T network, and the 
L network. They all use the 
same basic parts, but each 
has them arranged differ¬ 
ently. 

Different Designs 

As seen in Figs 1,2, and 3, 


the main components of 
every design are the capaci¬ 
tor and the inductor. Each 
design differs not only in 
physical appearance but 
also in electrical character¬ 
istics. Let's take a loot at 
each design and find what 
each has to offer. 

First, let's look at the L- 
network antenna tuner (Fig. 
1). It is known as a simple so¬ 
lution to what can be a big 
problem. It is a simple de¬ 
sign that should be consid¬ 
ered when contemplating an 
easy-to-build antenna tuner. 
It is ideal for coaxial-fed di¬ 
poles and longwire anten¬ 
nas. While usually it is 
thought of as a single-band 
tuner, the addition of taps to 
the coil and a variable ca¬ 
pacitor provide much flexi¬ 
bility. The capacitor must 
always face the greater 
impedance, and a switch 
can be added to alternate 
the positions of R-in and R- 
out depending on the an- 



Photo B. Interior view of the lunchbox antenna tuner. No¬ 
tice the arrangement of the parts in this L-network tuner. 




Fig, 1, An L network with variable coil taps (Si). The capacitor Fig. 2. A pi network which provides more flexibility than the 
should always be on the side of greater impedance (R in >R out.) L network. Notice the use of dual capacitors. 


tenna characteristics. The L 
network is an excellent sim¬ 
ple antenna tuner with a lot 
of potential. 

The pi network (Fig. 2) is 
similar in design to the fa¬ 
mous tuned circuit studied 
by so many for their ham li¬ 
cense. Its design is also fairly 
simple, and the additional 
capacitor enables it to han¬ 
dle incredible mismatches 
with ease. This network pro¬ 
vides more flexibility than 
the L network by eliminating 
the need for an R-in/R-out 
switch and giving better 
control over circuit Q. 

The T network (Fig. 3) uses 
two capacitors and an in¬ 
ductor as in the pi network, 
but has them arranged dif¬ 
ferently. The T network is 
known for its sometimes 
poor harmonic attenuation. 
It becomes, in effect, a high- 
pass filter. If you use a T net¬ 
work, be sure to use it in line 
with a low-pass filter. How¬ 
ever, another type of tuner, 
the SPC (Series Parallel Ca¬ 
pacitance) transmatch, 
takes off from the T network 
and eliminates its poor har¬ 
monic attenuation. This "Ul¬ 
timate Transmatch'' is 
shown on page 19-11 of the 
1981 edition of The Radio 
Amateur’s Handbook. 

Depending upon the situ¬ 
ation, one antenna tuner de¬ 
sign might be preferred over 
another. If a broad range of 
antennas and frequencies is 
to be used with the tuner 
and the antennas are no¬ 
where near resonance, one 
of the more complicated de¬ 
signs may be required to cor¬ 
rect the mismatch. Some 
antenna tuners are designed 
to feed balanced lines, and 
these often incorporate a 
balun in their design. If the 


antenna is fed with a bal¬ 
anced line, a balanced out¬ 
put from the tuner is a 
necessity. The design which 
was chosen for my multiple 
coaxial-fed dipoles was the 
simple L network, packaged 
somewhat differently. 

As mentioned before, the 
main components of any an¬ 
tenna tuner are the induc¬ 
tors and capacitors. They 
are connected in some way, 
depending on the design, so 
that they form a tuned cir¬ 
cuit which compensates for 
the mismatch between the 
transmitter output and the 
antenna system. The values 
of the inductance and ca¬ 
pacitance required depend 
on the frequency and the na- 
ture of the antenna mis¬ 
match. 

If you want to be exact, 
you can use a noise bridge or 
similar device to measure 
the input impedance of the 
antenna system at a given 
frequency. Then substitute 
the measured impedance 
and corresponding fre¬ 
quency in the Fig. 4 equa¬ 
tions. The solutions to the 
equations will give the val¬ 
ues the capacitor and induc- 
tor must have to give a 
proper match. A single-fre¬ 
quency device can use fixed 
values for the inductor and 
capacitor. However, for 



Fig 3. The T network is known 
for its poor harmonic attenu¬ 
ation. It sometimes becomes 
a high-pass filter. 


multi-frequency operation, 
do measurements and cal¬ 
culations for all frequencies 
the antenna will be used on 
and pick the highest com¬ 
ponent values of all the cal¬ 
culations. In most cases, a 
365-pF capacitor and a mul¬ 
tiple-turn (8 to 10 turns, 1 Vi- 
inch diameter) inductor 
from the junk box will do 
just fine. 

The L network provides ex¬ 
cellent matching with a min¬ 
imum of construction and 
design. Mine was designed 
for use with unbalanced 
lines only and does not con¬ 
tain a balun. Its design is 
simple and efficient, and I 
further simplified design 
considerations by parallel¬ 
ing the two 365-pF sections 
of a "broadcast" capacitor, 
using a 10-position switch 
for the inductor taps, and 
building it in a child's metal 
lunchbox. 

Construction ideas 

All of the parts used in the 
construction of this L-net- 
work antenna tuner can be 
obtained quite inexpen¬ 
sively at local hamfests— 
and may be in your junk box 
Two switches are needed, 
one multiple-pole rotary 
switch (at least one pole per 
band) and one ordinary 
DPDT switch. Some wire, 
two SO-239 coax connec¬ 
tors, and two pointer knobs 


make up the rest of the 
needed parts except for the 
most important two: the in¬ 
ductor and capacitor. 

The next step in the con¬ 
struction process is obtain¬ 
ing the case so that each 
part can be placed for the 
best fit. A metal lunchbox 
with the handle and latch 
removed served as an ideal 
case for my tuner, being 
both convenient and cheap. 
(Portable and Field Day op¬ 
erators may choose to leave 
the handle on for easy trans¬ 
portation.) The hinged lid al¬ 
lows for easy access to the 
parts and a better case 
would be hard to find, re¬ 
gardless of cost. I added a 
few sheet-metal screws 
around the lid to improve 
the rf tightness of the box. 

Once all the necessary 
parts are assembled, plan 
their arrangement in the 
case. Notice the arrange¬ 
ment of parts in the picture 
of the inside of my tuner 
(Photo B), and pay attention 
to the schematic (Fig. 6). 
Once you have a general 
idea of how all the parts will 
fit in the case, mark their lo¬ 
cations, remove them, and 
prepare for mounting. 

Drill the appropriate 
holes for the parts you have 
obtained and mount them. 
Make sure those parts which 
are to be grounded make 
good contact; scrape away 


R In > R out R out > R in 

X L = V (Rout x Rin) - Rout 2 X c = R out x R ln/(R out - R in) 
X c = (R out x R in)/X L X L - (R out x R ln)/X c 

Fig. 4. The equations used for determining the needed in¬ 
ductance and capacitance for the tuner circuit as explained 
in the text. Use the proper equations as determined by the 
characteristics of your antenna system (i.eif the antenna's 
impedance is greater than the output impedance of your 
transmitter, use the equations under R out > R in). 
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any paint or finish on the 
case. As a further precau¬ 
tion, I ran a separate ground 
wire to connect all circuit 
grounds. Wire the parts as 
indicated in the schematic, 
making any necessary adap¬ 
tations that your particular 
design requires. Be sure that 
the coil and capacitor rotor 
do not touch the lid when 
the case is closed; I mounted 
my inductor on short stand¬ 
offs. Decide if the wires 
from the rotary switch are to 
be soldered to the coil or if 
clips are to be used. Clips 
might be used during initial 
testing; the wires can be sol¬ 
dered to the coil after the 
ideal tapping positions for 
each band have been found. 

To ensure that the capac¬ 
itor is always to the high- 
impedance side, the DPDT 
switch has been incorpo¬ 
rated in the design; it 
switches the input and out¬ 
put SO-239 connectors. You 
may leave the switch out if 
you are willing to reverse the 
input and output coax when 
needed. Once the parts are 
mounted and connected, 
the finishing work is ready to 
be done. 

If your case's appearance 
was even close to that of 
mine, it will need to be 
painted. I used a flat grey 
spray paint which matches 
the color of my transceiver. 
Be sure to apply the paint in 
layers and be careful that it 
does not run and leave un¬ 
seemly streaks on your case. 
For protection against 
scratches, rubber feet may 
be added. 

After the paint has dried, 
labels need to be applied 
They are necessary for fast 
retuning during band 
changes. Notice in the pic- 



Fig. 5. The antenna tuner 
shown installed along with 
other station equipment. 


ture of the front panel that 
the knobs have numbered 
positions (Photo A). These 
homemade labels are easy 
to fabricate; take the appro¬ 
priate measurements and 
cut the rings out of index 
cards or similar material 
Temporarily place the rings 
over the knobs and mark 
the different switching posi¬ 
tions. Then number the po¬ 
sitions and glue the labels on 
with rubber cement. Make 
sure they are properly 
placed and easy to read: 
These labels are referred to 
often during the operation 
of the unit. 

Operation 

Now that the assembly is 
complete, the tuner is ready 
to be tested with your an¬ 
tenna system (see Fig. 5). 
Attach the coax from your 
antenna or antenna-switch 
box to one of the SO-239 
connectors. Next, attach 
your swr meter to the other 
connector, using a short 
piece of coax if necessary. 
Finally, connect the swr me¬ 
ter to your transmitter. 

Now the tuner is ready to 
be checked out under fire. 
At first it may seem difficult 
to use, and tuning the anten¬ 
na can take a while. How¬ 
ever, the more it is used, the 
easier it is to operate. Tune 
the transmitter to a vacant 
frequency where you plan to 
operate. Using the lowest 
power possible, key down 
the transmitter and quickly 
check the swr. Decrease the 
swr by tuning the capacitor 
and changing the taps on the 
inductor 


Do not keep the transmit¬ 
ter keyed down too long, 
and be sure to identify your 
station frequently. Continue 
to listen on the frequency to 
make sure it is clear; if it is 
not, tune slightly to a clear 
frequency. If the swr won't 
reduce to an acceptable 
level, switch the R-in and R- 
out and tune again. The swr 
normally can be reduced to 
roughly 1 to 1 in a matter of 
seconds. Record the final 
knob and switch settings. 

I keep a note card with a 
table of CW- and phone- 
band settings for all frequen¬ 
cies of interest for each an¬ 
tenna. This way, whenever I 
want to operate on a certain 
frequency, I look it up on the 
card for the antenna I am us¬ 
ing and set the tuner knobs 
and switch to the settings in¬ 
dicated on the card. Then I 
am instantly ready to oper¬ 
ate on that frequency with 
an swr close to unity without 
any additional tuning. Soon 
you will begin to wonder 
how you operated without it 

Conclusion 

For the multimode, multi¬ 
band operator, an antenna 
tuner is almost a required 
station accessory, especially 
for those using solid-state 
rigs. However, building an¬ 
tennas carelessly and mak¬ 
ing up for it with an antenna 
tuner is not good practice. 
You can have a 1 to 1 swr 
into your transmitter and 
still have lots of losses in 
your antenna system. Watch 
out for feedline and ground 
losses. Fortunately, coaxial- 


fed dipoles can be operated 
in the HF bands at a fairly 
high swr with low losses. 

Building antenna tuners 
can be a never-ending prac¬ 
tice. They are so useful and 
serve such a vital function 
that it is difficult to get 
along without one. Usually, 
once one design is com¬ 
pleted you'll want to try to 
build a "new and improved" 
version. 

There are several useful 
accessories that can be in¬ 
corporated into an antenna 
tuner. A built-in swr/watt- 
meter would eliminate the 
outboard swr meter. Also, a 
multiple-antenna switch 
could be added, possibly 
connected to a remote-relay 
antenna-switching system. A 
built-in 50-Ohm noise bridge 
can eliminate the need for 
on-the-air tuning. New ex¬ 
perimental designs can al¬ 
ways be fabricated with the 
parts already in use plus a 
few more. There is always 
room for upgrading 

The knowledge gained in 
building this simple lunch- 
box antenna tuner can be 
applied to all others, no mat¬ 
ter how complicated. An¬ 
tenna tuners are great fun to 
design, build, and use. They 
are simple to construct and 
make a great first project for 
the Novice. Tuners are al¬ 
ways useful to have around. 

Enjoy the freedom to 
roam around the bands us¬ 
ing your antenna tuner. 
Read more about them in 
the books listed in the refer¬ 
ences and look over the dif¬ 
ferent designs. I hope you 
have as much fun with your 
tuner as I have had with my 
lunchbox design. Never 
again let a high swr keep you 
from operating where you 
want. Good luck and happy 
hamming.B 

References 

The Radio Amateur's Handbook, 
58th edition (1981), ARRL Publi¬ 
cation, pages 19-10 to 19-14. 
The ARRL Antenna Book, 14th 
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Fig. 6. Schematic of lunchbox L-network antenna tuner de¬ 
scribed in the text. L,— multi-tapped inductor, Cj — variable 
capacitor, St— multiple-pole rotatable switch, S 2 — DPDT 
switch. 
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Rotate the Bobtail Curtain 

How do you rotate one hundred feet of wire antenna? 
It's simple: Just flip the switch. 


lerrold A. Swank W8HXR 
657 Willabar Drive 
Washington Court House 
Ohio 43160 

B ack in 1980 I wrote an 
article for 73 about the 
"Bobtailed Bobtail Cur¬ 
tain," using only two ele¬ 
ments of the array.* It is 
worth noting that since then 
I have discovered that the 


'“The 20-Meter Double Bob- 
tail," May, 1980, p, 44. 



inventor of the Bobtail had 
originally used only two ele¬ 
ments, but when no one paid 
any attention to it, he added 
a third element to make it 
seem more interesting, and 
immediately it became 
more popular. The extra ele¬ 
ment does not add a great 
deal to the effectiveness of 
the array and the extra space 
it requires is not worth the 
extra results if you are short 
of space. 

For some years I have 


■G P- 



© 



Fig. 1. Switching diagram. 
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used the antenna firing N/S 
to work Antarctica. I have 
made over 10,000 contacts 
there and have spent more 
than 25,000 hours running 
phone patches for the folks 
there. I can get a 5/9 report 
barefoot and break into a 
pileup anytime. Now, how¬ 
ever, I have discontinued 
this operation after fifteen 
years and would like to use 
my Bobtail to fire E/W to 
work a couple of friends in 
Arizona and New Mexico. 

I cannot rearrange the ar¬ 
ray to fire broadside E/W 
both because of space limi¬ 
tations and because I would 
have to fire through the 
house next door. I have used 
the array on ten meters for 
E/W endfire and also knew 
that I could do the same on 
20 meters by increasing the 
spacing from half wave to 
full wave. In my 1980 article 
I mentioned this, but also 
said that it could not be ro¬ 
tated easily by any simple 
method. Now I have thought 
of a way to do it. 

At first I thought it would 
be necessary to make two 
separate antennas, each 
with a voltage-feed unit of 


coil and capacitor, and put a 
quarter-wave delay between 
them. I could then fire E/W 
but could not easily switch 
from broadside N/S to E/W. 
Now, however, I realize that 
while I cannot change the 
actual spacing, I could 
change the delay electri¬ 
cally so that I would have an 
endfire pattern, from pat¬ 
tern #1 (Fig. 1, left) to pattern 
#2. (Fig. 1, center) very easily 
and instantly. The drawings 
will show how this is done. In 
the original way of increas¬ 
ing the physical spacing, I 
would get pattern #3 (Fig. 1, 
right), as I had done before. 
This was not what I really 
wanted. 

The horizontal wire runs 
through some tree branches, 
so I used insulated wire. No 
problem was encountered. 
The ladder line or other 
spaced pair of wires will be 
suspended horizontally so 
that the end and switch B 
come just outside my radio¬ 
room window where I can 
easily reach it. Or, the addi¬ 
tion of a half-wave multiple 
of line at B will make it pos¬ 
sible to move the switch to 
anywhere you want it. 




Fig. 2. Horizontal radiation patterns for an array of two antennas fed with equal magnitude 
currents. 


When switch B is closed it 
will cause an electrical de¬ 
lay of a half wave, since A is 
open. The half wave is from 
A to B and back to A. The 
pattern is #2—endfire. 

When B is open it presents 
a short to position A, as is 
the rule with quarter-wave 
lines This makes pattern #1 
half-wave spacing with no 
delay and is a broadside pat¬ 
tern N/S. If desired, the quar¬ 
ter-wave line can be dropped 
straight down to a stake or 
pulled off to one side where 
switch B can be mounted on 
a fence or tree, 

A, E, and F are high-volt¬ 
age points. B, C, and D are 
high-current points. The in¬ 
sulation requirements at B 
are very low, but the sup¬ 
ports at E and F must be in¬ 
sulated well. The insulator 
at A must be a good one with 
adequate insulation and 
separation. 

The dimensions given are 
for 14.2 MHz. The length of 
the verticals is 234/f, and the 


antenna separation is calcu¬ 
lated as 246/f, where f is the 
frequency in MHz. The first 
is the antenna figure and the 
second is the free-space 
figure. 

Tuning is the same as de¬ 
scribed in the original article 


in 73. or as the Bobtail is nor¬ 
mally tuned. Adjust L and C 
and the tap on the RG-8 for 
lowest swr. Tune for the cen¬ 
ter of the band, as it is not 
critical. Switching will not 
require a change in 
tuning ■ 


This is the final antenna article— 
of many written for 73—by 
W8HXR, who died November 25, 
1984. A ham for 65 years, he 
authored The Magic of Ham 
Radio (a 73 publication, 1980), a 
non-technical book to guide the 
beginner as well as to reminisce 
with old-timers. 


ATTENTION 

Foreign Computer Stores/ 
Magazine Dealers 


You have a large technical 
audience that speaks English 
and is in need of the kind of 
microcomputer information 
that CW'Peterborough pro¬ 
vides. 


Provide your audience with 
the magazine they need and 
make money at the same time. 
For details on selling 80 
MICRO, inCider, HOT CoCo 
and RUN contact: 


SANDRA JOSEPH 
WORLD WIDE MEDIA 
386 PARK AVE., SOUTH 
NEW YORK, NY 10016 
PHONE (212) 686-1520 
TELEX—620430 


||| TUBES 

I andIC’s 

VP FAST DELIVERY 

LOWEST PRICES 

call Toll Free (800) 221-5802 


3-400Z S85.00 

3-500Z 85.00 

4CX2S0B 60.00 
S72B 53.00 


811A 
813 
6146B 
6360 
6883B 
7360 
8122 


12.00 

35.00 

7.75 

5.75 
7.50 

12.95 

110.00 


MRF4S4/A 19.95 


MRF455 SI9.95 
M2057 15.00 
872A 24.00 

4X1 50A 35.00 


6DJ8 

6550A 

8072 

8121 

8874 

8877 

807 


2.75 
7.50 

95.00 

95.00 

215.00 

520.00 

6.75 
11.50 


Major Manulacturers Factory Boxed and Full line ol 
Sylvama ECG Replacement Semiconductors 
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FULL-FEATURED 
REPEATER CONTROLLER 


FOR USE WITH VIC-20 or C-64 

• Program On Auto-Start Cartridge 
100% Machine Language 

!• Completely Programmable 
j With DTMF Commands 
;• Simple Interface To Your | 
! Repeater Schematic Included j 
!• Full-Screen Status Indicators I 
1 And Keyboard For Local Control ! 

• Autopatch Includes Reverse 
> Patch And Toll Restrict 

• 3 Selectable CW IDs. One Is ; 
■ User Programmable 

• Dozens Of Additional Features j 
ROM Cartridge For VIC-20 or C-64. S69.95 i 
Interface Board With DTMF Decoder j 
And ConnectionsTo Phone Patch ... $99. 95 j 
To Order: Visa, Mastercard. COD. Call 

614-882-8965 

Or Send Check Or Money Order to 
SCH.Ni U K INSTRUKII.NI C EMI* l \<. 
134 Graphic Way 
Westervilte.Ohio 43081 

Specify Compute! And Two CW fD 
Messages When Ordering 


Buy, Say 7Z 


















Cliff N. Francis W0MBP 
325 S 3rd Street 
Silsbee TX 77656 


Alligatored Antennas 

(clip) It's30m.. .(clip) it's 17m.. .(clip) it's 12m. 
Get the idea? 


T he alligator clip is a mar¬ 
velous invention. With a 
little imagination, you can 
add to or reconfigure your 
present antennas to achieve 
results beyond your present 
capabilities. 

For instance, do you cry 
in your beer because your 
present yagi beam won't 
work 10,18, or 24 MHz? No 
problem! To each element 
of your yagi, add a wire 
drop-loop (with alligator 
clips) 2/3 A long (plus 7.37%), 


Fig 1. 

■x "L. :x tr 


with the clips attached 
(centered) over a 1/3-A sec¬ 
tion of your yagi element 
See Fig. 1. 

You now have a sagging- 
delta antenna (useful only 
on calm days and unguyed 
or low-height guyed towers) 
if you cut each wire for its 
appropriate use as a reflec¬ 
tor, driven element, or direc¬ 
tor. With ingenuity, you can 
even figure out how to stop 
the wire from flopping in the 
wind. Since the radiation re¬ 
sistance of a delta/quad is 
about 100 Ohms (depending 
on various factors), expect a 
slightly higher swr—yet a 
very effective antenna. See 



your radio handbook on 
quad dimensions. 

Suppose you have one of 
those great Bobtailed Bi-di¬ 
rectional Broadside Curtain 
(BBBC) antennas (Fig. 2) and 
you want to change the di¬ 
rection of your signal with¬ 
out moving the antenna. 
Simple! Just add A/4 ele¬ 
ments with an alligator clip 
on each side of the center 
radiator at a distance of A/4 
(see Fig. 3). 

It is no longer a BBBC, 
and you might need to fine 
tune your antenna tuner, 
but your signal now goes in 
the direction of the "curtain- 
rod." 

And don't forget the old- 



fashioned method of broad¬ 
ening the resonance of your 
simple dipole antenna by 
adding short pieces of wire 
with alligator clips (see Fig. 4). 

Mobile-hams have long 
known of this technique on 
75- and 40-meter mobile 
antennas because the high 
Q of these antennas often 
limited the bandwidth (see 
Fig. 5). 

It is a little trickier to try 
this on yagi beams, but it 
can work for a slight broad¬ 
ening of useful bandwidth. 

Take a good look at that 
alligator clip —and think 
about it. What can you do 
with one? ■ 



Fig. 2. Fig 3. Fig 4. Fig 5, 
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Zuper Zepp for VHF 

Zip up yourzignal with UZM's planz! 


Wm. Bruce Cameron WA4UZM 
324 S. Kiverhills Drive 
Temple Terrace FL 33617 

H aving tried a double- 
extended zepp on 450 
MHz and approved of the 
results, I built one for 146. 
Even though I made the ex¬ 
perimental model with num¬ 
ber 14 wire, the bandwidth is 
good, but large-diameter 
tubing would be better. The 
wire suggests several meth¬ 
ods of support. I used two 
pieces of 1" x 2" (screen 
stock) in the form of a T, 
braced by an 8 * x 12 " piece 
of plywood. The main sec¬ 
tion was nailed to the ply¬ 
wood, but the boom was 
bolted, for easier disassem¬ 
bly and transport. 

The dimensions shown 


and measured in the graph 
make a good starting point. 
For frequency change, mod¬ 
ify the radiating portion, and 
for match, massage the 
curved matching section. 



What you have is a 1.28- 
wavelength radiator fed 
with a continuously-varying 
tapered line. Probably the 
curve should be a hyper¬ 
bola. This is a more forgiving 



u 


match than the usual stubs. 
Cain should be 3 dB. 

This antenna lends itself 
to a variety of mountings. 
You can side-mount it on a 
tower, stick it out a window, 
tape it up on a door or wall, 
hang it from a tree, or what¬ 
ever. Since the high-voltage 
points are 20' apart at the 
closest, the insulation is no 
great problem. Dry wood 
will do. PVC pipe (with a 
large-to-small T fitting) 
would be better, and you 
could simply tape the wire 
to the tubing, facilitating ad¬ 
justment. For a plumber's 
delight version, you might 
try EMT and borrow the 
electrician's bending jig. 
Dimensions will vary as you 
change the diameter of the 
material.! 



Fig. 7. Dimensions and details. 




The Best Place 
To Find 
New & Used 
Electronic 
Equipment 
Buy-Sell-Trade 
Our §th Ymmr 

NUTS & VOLTS 

MAGAZINE 

PO BOX 1111 -G • PLACENTIA, CA 92670 
714-632-7721 

I JOIN 1000s OF READERS NATIONWIDE 
U S A. SUBSCRIPTIONS (monthly) 

I Yr-S 15.00 1st Class;* 10.00 3rd Class 
LIFETIME - 535.00 - 3rd Class Mail On/y 
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Paul H. Schwartz. KB2XX 
25 Dan Troy 
Amherst NY J-)221 


Phase the Nation 

North, south, east, or west, you'll be on target 
with the double-X trapped-vertical array. 


A fter operating a multi¬ 
band trapped vertical 
for eight years. I became 
interested in the subject of 
phased vertical arrays. 
There have been many arti¬ 
cles about them over the 
years, but most referred to 
single-band systems. 

Not wishing to give up 
multiband capability, I 
toyed with the idea of op¬ 
erating two trapped verti¬ 
cals in phase on 20 meters, 
and using one of the anten¬ 
nas for the other bands. 


Well, I decided to bite the 
bullet and try it out. Little 
did I expect the extraordi¬ 
nary results achieved! 

As background, let me 
state that I have operated a 
Hustler 4BTV trapped ver¬ 
tical, ground-mounted with 
no radials, for eight years. 
This vertical works on ten 
through forty meters. I op¬ 
erate on the lower 25-kHz 
CW portion of 15, 20, and 
40 meters, chasing DX with 
a barefoot HW-101, and 
have found that if I can 


hear them, I can work 
them. Thus, a trapped ver¬ 
tical has performed satis¬ 
factorily. 

My plan was to ground- 
mount two Hustler 6BTV 
verticals to run in phase on 
20 meters and operate the 
remaining bands on one of 
the antennas by means of a 
switch. 

Theory 

The theory of operating 
verticals in phase is quite 
simple, and the literature 
describes the effect of 
phasing clearly ! There are 
two main modes of opera¬ 
tion; each has a figure- 
eight pattern of radiation 
and can be described as be¬ 
ing either broadside or end- 
fire. By running the verticals 
in phase (0° phase shift), a 
broadside pattern is pro¬ 
duced. Similarly, an end- 
fire pattern is achieved by 
feeding the verticals 180° 
out of phase. A simple 
phase change will effec¬ 
tively “swing” your signal 
to the desired direction. 

I decided to erect the 


verticals in a north-south 
line and operate them in 
phase, producing a broad¬ 
side pattern to the east and 
west. The antenna furthest 
from the house would be 
the one to run alone on 
bands other than twenty 
meters. 

Construction 

To obtain maximum di¬ 
rectivity, the recommended 
spacing between the two an¬ 
tennas is one-half wave¬ 
length at the chosen oper¬ 
ating frequency. The formu¬ 
la is: distance = (468 X 
vf)/f(MHz). Vf is the velocity 
factor of the coax, used 
when connecting the lines 
together and running a sin¬ 
gle line to the shack This 
would only allow in-phase 
operation. In my setup, the 
verticals are phased with 
equal lengths of coax; there¬ 
fore, I ignored the vf, and 
plugging in 14.0 MHz, the 
distance between the two 
verticals is 33.4 feet. 

You will need to run 
equal lengths of coax from 
each antenna to the shack 




This requires some thought 
concerning how you will lay 
out and bury the feedline so 
as to account for the extra 
33 feet of cable coming 
from the antenna nearest 
the house I looped the near¬ 
antenna coax 15 feet to¬ 
wards the far antenna, then 
back again for 15 feet to 
take up roughly 30 feet Two 
125-foot sections of RG-8.U 
connect the antennas to the 
phasing system, which is lo¬ 
cated in the shack. 

After tuning each vertical 
individually for the bands I 
was interested in, I built the 
0° phase-shift box, shown in 
Fig. 1. 2 You could, of course, 
add 33 feet of coiled coax to 
one leg in the box to obtain 
an endfire pattern, but all of 
that cable would tend to be 
a little bulky. 

Hustler states that the in¬ 
put impedance of the 6BTV 
is 52 Ohms, so it seemed 
that a direct connection in 
phase would be acceptable. 
However, things are never 
what they seem! After con¬ 


necting the system, a terri¬ 
ble mismatch was observed. 
As was pointed out by 
W8HXR, 1 when the anten¬ 
nas are operated in parallel 
the impedance drops to 36 
Ohms. Adding a quarter- 
wave transformer, made of 
RG-59/U, will improve the 
impedance match. The for¬ 
mula for the matching sec¬ 
tion is: length in feet = (246 
X vf)/f(MHz), which, at 14,0 
MHz, equals 13.2 feet. 

Next, the switchbox was 
assembled (see Fig. 1). The 
switch is a 10-Amp, 125-volt 
DPDT type, which I pur¬ 
chased at Radio Shack (RS 
275-1533). I enclosed the 
switch and coax connectors 
in a plastic box and used the 
inner conductor of some RG- 
58/U, stripped of the outer 
shield, for wiring the poles 
of the switch. The center 
connector of the switch runs 
directly to the far antenna. 
One side of the switch is 
connected to the RG-59/U 
which runs to the phase box, 
and the other side goes to 


the antenna switch using 
RG-58/U. Thus, by throwing 
a toggle switch, I can choose 
between phased- or single¬ 
vertical operation. 

Upon testing, I found that 
not pnly was the swr below 
1.5:1 on 20 meters, but also 
that the system worked on 
15 and 40 meters as well In 
other words, I could use the 
phased verticals on 15, 20, 
and 40 meters. The system 
functions with half-wave 
spacing on 20 meters, quar¬ 
ter-wave spacing on 40 me¬ 
ters, and three-quarter-wave 
spacing on 15 meters Of 
course, the radiation pat¬ 
terns on 15 and 40 meters 
are different from the pat¬ 
tern predicted for 20 meters. 
Fig. 2 shows the theoretical 
plots. 

Conclusion 

The final test was to oper¬ 
ate the transceiver while 
prowling around the anten¬ 
na site with a field-strength 
meter. Walking in a circle 
around the system, a figure- 



Fig. 2. Theoretical radiation 
patterns for three bands. 


eight pattern was observed 
with major east-west lobes 
The directivity was not as 
pronounced as the text¬ 
book's patterns but was cer¬ 
tainly acceptable. 

On the air, the results are 
gratifying. The broadside ar¬ 
ray snags DX regularly with 
589 reports. For a high-per¬ 
formance antenna system 
that's easy to construct, you 
can't beat this phased-verti- 
cal array ■ 
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Thomas M. Hart AD1B 
32 Westwood Terrace 
Westwood MA 02026 


Where Am I Pointed? 

Is this Sinclair beam-aimer program 
just like every other? Guess again. 


I t was 73 magazine that 
was responsible for devel¬ 
oping my interest in 2m-FM 
operating through a large 
number of articles on that 
topic a few years ago. More 
recently, I started to read ar¬ 
ticles about home comput¬ 
ers, and I must admit that I 
was very skeptical about the 
whole thing. My thinking 
changed as prices went 
down and as I did more 
reading on the topic, how¬ 
ever, and when Clive Sin¬ 
clair hit the market with the 
ZX-81 computer, I decided 
to make a move and invest. 

Having the computer 
available, I looked into 
using it in various ham-radio 


applications. One obvious 
area was programming to 
compute the distance and 
direction to distant points — 
developing an antenna-aim¬ 
ing program. 

The starting point was to 
survey the literature and de¬ 
termine what had been pub¬ 
lished on the subject. I 
found three valuable sourc¬ 
es of data, a necessary step 
since my spherical trig is 
very rusty. The texts that I 
used are listed below. 

The Earth can be con¬ 
sidered to be a sphere with a 
3960-mile radius. The prime 
meridian is a circle that 
passes through Greenwich, 


ft****:*********** 


TO COMPUTE THE DISTANCE AND THE 
ANGLE FROM WESTWOOD TO THE 
TARGET, ENTER THE LATITUDE IN 
DECIMAL DEGREES: 


England, to establish an ar¬ 
bitrary zero longitude. East 
and west longitudes start 
from this point and go to 180 
degrees in each direction. In 
this program, west longitude 
is shown as a positive figure 
and east longitude is shown 
as negative. The equator 
marks the zero latitude ref¬ 
erence, and latitudes go 
north and south from this 
point to 90 degrees at the 
two poles. In this program, 
north latitude is positive 
while south latitude is nega¬ 
tive. 

The first and second refer¬ 
ence books contain actual 
programs for use on certain 


computers. Both are more 
complex than that needed 
for the Sinclair. This is due 
to the fact that the ZX-81 has 
the arc cosine function built 
into the system. Many low 
cost personal computers 
lack this feature, resulting in 
the use of other conventions 
in programming. 

The Carroll text provides 
the basic formulas used in 
solving the problem of de¬ 
termining distance and 
angle. The program pre¬ 
sented here uses these for 
the analytical portion of the 
program. The calculations 
are given in the box. 

The program itself is fairly 




AND THE LONGITUDE IN DECIMAL 

DEGREES: 


TO CONTINUE, ENTER MBiB 
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Sample runs. 





simple. The following notes 
will clarify key points: 

• Lines 5-88 set up the dis¬ 
play and prompt input of 
the target location. 

• Lines 90-180 perform the 
computations. 

• Lines 183-265 control 
the display of the calcula¬ 
tion 

• Line 45 should be changed 
to show your own QTH. The 
program listing shows West- 
wood, which is my QTH. 

• Lines 100 and 105 should 
be changed to reflect the 
user's latitude and longi¬ 
tude. 

Finally, be very careful to 
enter the program exactly as 
shown. The omission or ad¬ 
dition of a parenthesis may 
cause problems with the 
output. Once loaded, the 
program can be tested be¬ 
fore being placed in use The 

Program listing. 

5 REM "ANTRIM 
10 PRINT 
15 PRINT 

20 PRINT "**** 
**************** 


£5 PRINT 



30 PRINT "**♦* 


************" 

35 PRINT 

40 PRINT "TO C 
0MPUTE THE DISTA 
NCE AND THE" 

45 PRINT "ANGL 
E FROM WESTWOOD 
TO THE" 

50 PRINT "TARG 
ET, ENTER THE LA 
TITUDE IN- 

55 PRINT "DECI 
MAL DEGREES!" 

60 INPUT LA2 

63 PRINT 


CALCULATIONS 

C = (sin LAI*sin LA2) + [cos LAI ‘cos LA2*cos(L02 - LOI)] 
D=(60*arccosC) 

G = [sin LA2-(sin LAl'cos D/60)]/sin (D/60)*cos LAI 
H = arc cos G 

LAI and LA2 are local and target latitudes, LOI and L02 are 
local and target longitudes, C and G are intermediate com¬ 
putations, D is the distance in nautical miles, and H is the 
angle to the target. 

The next item to consider is whether or not the angle deter¬ 
mined for H is from 0 to 180 degrees or if it is between 180° 
and 360°. This is calculated by: 

J = sin(L02- LOI) 

If JaOthen letH = 360-H 


Once tested, the latitude 
and longitude for your QTH 
may be entered for LAI and 
LOI. The program can be 
stored and loaded with the 
name ANTAIM. 

Good luck with the pro¬ 
gram! I have found it to be 
very useful in itself and a 
good demonstration pro¬ 
gram for anyone who wants 
to know what the computer 
can do that is of practical 
value. ■ 


ARRL Antenna Handbook 
for 1968 gives the following 
sample computation: 
Location Lat. Long. 

Chicago 41.9° 87.6° 

Cairo 30,0° -31.2° 

Note that Cairo has an 
east longitude, a negative 
figure. The bearing from Chi¬ 


cago to Cairo is 49.3° with a 
distance of 6106 statute 
miles or 5306 nautical miles. 
To use these figures, substi¬ 
tute the Chicago data for 
LAI and LOI and enter the 
Cairo data as the target. The 
program will provide a good 
match to the Handbook 
result 
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nometry, Nielsen and Van- 
lonkhuyzen, Barnes and Noble, 
1968. 


68 PRINT 


70 PRINT "AND 
THE LONGITUDE IN 
DECIMAL" 


75 PRINT "DEGR 
EES:" 

78 PRINT 


80 INPUT L0£ 


85 PRINT "ISSlSi 
88 PRINT 


90 LET A=PI.'18 

0 

95 LET B=1-A 


100 LET LA1=42, 

£3*A 

105 LET L01=71. 

23>kA 

110 LET LA£=LA£ 
*A 

115 LET L02=L02 
*A 

120 LET C=<SIN 
LA1*SIN LA2)+(C0 
S LA1+C0S LA£*C0 
S (L02-L01)> 

125 LET D=60*<A 
CS C*EO 


130 LET E=D*1,1 
51 

135 LET F=CD.-60 
>*A 

140 LET G=< <SIN 
LA£>—<SIN LA1*C 

OS F> >'<SIN F+C0 

S LAI) 


145 LET H=ACS G 
*B 

150 LET J=SIN < 
L02-L01>*A 

155 IF J>=0 THE 
N LET H=360-H 

160 LET L=INT < 
D+,5) 

165 LET M=INT < 
E+,5) 

170 LET 0=1NT < 
H+.5) 

175 CLS 

180 PRINT 


£00 PRINT 

£05 PRINT "+•*** 
****" : (•(; "******* 

*": 0 !"********" 

210 PRINT 

£15 PRINT M:" ■ 
ARE : " 

£18 PRINT 


£20 PRINT L!" 11 
£25 PRINT 


£26 PRINT 

££7 PRINT 

230 PRINT "TO C 
ONTINUE, ENTER ■ 



185 PRINT 


£35 INPUT P$ 

£40 IF P*<>"V" 
THEN STOP 
£45 CLS 


190 PRINT "*♦** £50 GOTO 35 

i ■atar:iiwai f***i 

****»" £55 CLS 


195 PRINT " **** 



£60 SAME "fiNTAI 
M" 

£65 GOTO 5 
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W2NSD/1 
NEVER SAY DIE 

editorial by Wayne Green 


from page 4 

hearing a weak station calling 
CO in the DX part of the band. 
It was a W5 something porta¬ 
ble. I felt foolish calling a sta¬ 
tion where I didn't know the 
call, so I made it short. He 
came right back, gaining in 
strength, I began to get more of 
the call—W5I...W5IMW porta- 
able... W5IMW portable C7 In 


Tiensln, China! 

He was running ten Watts to 
a very long wire and I was the 
only station on the band. We 
talked for about fifteen minutes 
and then he said I was fading 
and other signals were coming 
through. An hour later he was 
calling me again—everyone 
else had faded out and I was 
still going strong. 

That pattern repeated itself 


over and over. Often S9+ DX 
ops just couldn’t hear me. If I’d 
get up a half hour earlier in the 
morning, they’d come right 
back with wonder at my signal 
into the south Pacific. 

Alas, after I got out of college 
I got into broadcasting and 
lived in rooming houses and 
never had any space for Twin- 
Threes. Oh, I had a rig with me, 
but the best I could do was a 
twinlead dipole thrown into a 
nearby tree. 

Not to write a discouraging 
word, but I think if you go to the 
trouble to build a Twin-Three 
antenna, you’ll find it is useless 
except at the height of the sun¬ 
spot cycle. Its angle of radia¬ 
tion is just too low to do 
anything these days. 

The Twin-Three was invented 


by John Kraus W8JK, of course. 
It appeared in CO in 1945.1 pub¬ 
lished it again in the late 50s in 
CO. I’ve probably published it in 
73, but it’s long enough ago 
that I’ve lost track. Jones used 
to have it in his Radio Hand¬ 
book. Don’t worry, when the 
sunspots come back I’ll give 
you the dimensions. I remem¬ 
ber ’em. 

You know, I’ve often wished I 
had a location where I could 
hang a 75m Twin-Three an¬ 
tenna. What a signal that might 
put out! Of course, you would 
have to find 40-foot-long sup¬ 
port braces for the ends. It 
might take a four-by-four for 
that. What a beaut for a sweep- 
stakes contest. That might 
work even in the low sunspot 
number times. 
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CELLULAR DIVISION 










































































ONTESTS 


y, No special exchange information was 
lent toned in the (nfotmatioct provided by 


INDIANA MONTH OF MAY 
CONTEST 

Starts: 0000 UTC May 1 
Ends: 2400 UTC May 31 


FLORIDA QSO PARTY 
1400 to 1900 UTC May 4 
0001 to 0500 UTC May 5 
1500 to 2300 UTC May 5 


number of contacts to be eligible for a cef- 


MICHIGAN QSO PARTY 
1800 UTC May 16 
to 0300 UTC May 19 
1100 UTC May 19 
to 0200 UTC May 20 
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John Edwards KI2U 
PO Box 73 

Middle Village NY 11379 
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TOUCH-TONE DECODER SALE! 


SSI-202P CMOS 

WE OVER PURCHASED 

Our over supply can be your gain. 

We’ve just got to try and get even so we are going to let our ham friends 
share in some of these great circuits, for a great price. 

FEATURES 

• Central office quality • Output in either 4-bit hexadecimal code or binary 

• Band-splitting filters included on chip coded 2 of 8. Use 74159 decoder for 1 of 16 output 

• Single, low-tolerance, 5-volt supply • Uses inexpensive 3.579545-MHz color-burst crystal for 

• Detects either 12 or 16 standard DTMF digits reference (Radio Shack P/N 272-1310 $1.69) 

• 18-pin DIP package • Excellent speech immunity 

All you need is a color-burst XTAL from Radio Shack & 1 meg resistor to make a C.O. Quality Touch Tone decoder 

SSI-202 is a 5V part and unlike the older 201 is TTL compatible and will directly interface to personal computers. 
These won't last long and are limited to available supply, so HURRY!! 

$JQ INCLUDING SPECS. & SCHEMATICS 
1 O In Wash, add 7.9% sales tax 

R.M. FULLER CO. 

902 Industry Dr., Seattle, WA 98188 

1 - 800 - 626-6662 

In Wash. Call ( 206 ) 575-8640 
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73 International 


Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign correspon¬ 
dents, we present the latest 
news in DX, contests, and events, 
as well as keep you abreast of 
the technical achievements of 
hams in other countries. 

If you would like to contribute 
to your country's column, write 
to your country's correspondent 
or to 73 Magazine, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Perry Donham KWIO. 


Qerson Rissln PY1APS 
POBox 12178 Copacaban 
20000 Rio de Janeiro, RJ 


n tiny Norfolk Island. 


city and there I got mj 
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OUR 25th ANNIVERSARY YEAR! 


for 

/5ami 

A CWC/P Publication 


The New RTTY! 


M Radio 

Ams^tenrs 

if. 


r 1 \ 


:) y i - 




for Radio 
Amateurs 


On the Cover: 

Model 15 courtesy of 
Alan Brown Sr . W1VTP 
Tono EXL-5000E courtesy 
of Amateur-Wholesale 
Electronics. Miami. 
Photography by 
Ed Judice, Orange MA, 


4 What? 

7 QRX 

56 Barter ’N’ Buy 

57 Special Events 

61 Satellites 

62 Fun! 

63, 83, 87 Han. Help 

65 New Products 

66 Review 

69 Be My Guest 

70 RTTY Loop 
70 DX—9N1MM 
80 Contests 

86 Letters 

88 73 International 

93 list of Advertisers 

94 Dealer Directory- 
94 Propagation 


14 Tune In the TU-1000 

Has your RTTY budget hit bottom? Then dust off that soldering iron—K9EUi's no- 
nonsense terminal unit gives store-bought performance at a build-it-yourself 


price.K9EUI 

24 Secrets of Telehantming 

When the bands are dead, try trading your transmitter for a telephone. Operators 
are standing by.K9EI 

26 CoCo’s Counter 

Use this dirt-cheap method to tune up your AFSK generator.KG4Q 

28 Is Ham Radio Baking Us? 


What damage occurs when human bodies are subjected to electromagnetic 
fields is not fully understood. Here, an expert in biostatistics examines the problem 
from an amateur's perspective—and offers some practical preventative 


suggestions.VE3KSP 

32 AFSK, And Ye Shall Transceive 

A sine from heaven is what you'll get when you build the AFSK-1020. ... K9EUI 


34 Through the Looking Glass 

If you could peek at a RTTY signal through magic audio glasses, what would 
you see? You’ll find out with KN4L's Apple opus, a program that whispers. "Run 
me ". KN4L 

36 Perfection Plus 

It's not often a prize-winning package can be improved. Here's a new look for 


a popular RTTY tuner.W1PDI 

40 Speak-No-Evil RTTY 

This tiny routine is all you need to transform your Heath H-8 into a RTTY receiving 
demon! .WA6NHC 

42 On the Flip Side 

Here's how to add reverse shift to your Kantronics Interface.K1QPS 

44 Quash QRM 

Add a "RTTY Narrow" position to your TS-520's mode switch—you'll never copy 

hits again! .KA4MTO 

46 The D-Day Demodulator 

When the CV-89A joins forces with your micro, you'll take the RTTY bands by 
storm! .WB5LLM 

50 Slick VIC Trick 

Here's the cheapest way we know of to add a printer to your VIC-20. First, find 
a Model 33.KW9L 

54 QSK for Your Vintage Vfo 

All it takes is an hour.KA3GCQ 
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then he started talking with an old friend about amateur radio and 73 
1 the first person on the air from our shack on Ham-Day, March 24th. 
sr write or Never Say Die? Time will tell. Wayne is not connected with 
t —nor has he been for some time—but his page is always here if he 


Three Notes: 

1) A reader from Erie, Pennsylvania, wrote: . .this is a first for me. But I nearly didn’t 
write because of your seventh point concerning mail (April “What?"; mall up 14%). I hope 
this does make it..." It did. They all do. Let’s go for 20%. 

2) A potential advertiser from a different time zone recently called me at home (which is 
perfectly OK), i was running late and about 24 minutes away from playing in a basketball 
playoff game. The phone rang. I picked It up. He said, “Hi, Jack..." I cut him off: "Hi, 
(Blank), I can’t talk right now, I'm on my way out the door." When we next talked, (Blank) 
seemed a little bit subdued. "What’s the problem?" I asked. "Well," he said, "you said you 
were out the door. Who can I deal with now?" We got the nuances of doors straightened 
out. 

3) A call came in from a nice lady who needed “one of those ham radios." Could we help 
her? "If you don't mind me asking, why do you need one of these ham radios?” Well, it 
turned out that she wanted to get a rig for her OM for his birthday. He had been out of 
amateur radio for some time, but now he wanted to get back in. She had had to wait until 
he went out of town on business in order to make sure he was totally surprised. We put her 
in touch with a dealer in her area and wished her the best of luck. “Now,” I said, "I suppose 
you're going to tell me that his birthday is tomorrow.” "Yes, yes, and thank you so very, very 
much for your help!” “Well, that's what we're here for." I felt a little bit stupid saying that, 
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Bash QRT 

DICK BASH KL7IHP has closed the doors 
on his amateur-radio publishing business. 
Dick is probably one of the best-known fig¬ 
ures in ham radio, and opinions of him are 
rather sharply divided between the "love 
him” and “hate him" camps. Before the 
VEC program came to fruition, it was com¬ 
mon to hear comments like, "He really 
Bashed that test!" around the FCC exami¬ 
nation room. Dick's The Final Exam study 
books included a verbatim listing of the 
questions and answers found on the FCC 
exams. Many hams felt that the books en¬ 
couraged memorization rather than under¬ 
standing of the theory and regulations, 
and they blamed Bash for everything from 
CB radio to the declining sunspot cycle. 
Others pointed out that the study guides 
were strikingly similar to those published 
for would-be pilots, engineers, and steam 
fitters and bore a strong resemblance to 
guides published for many years by the 
ARRL. Now that the VEC program is under 
full steam and the entire pool of questions 
is in the public domain, Dick says he has 
"nothing to sell.” Like him or not, Dick 
Bash has left a permanent mark on ama¬ 
teur radio. 

VEC Three 


A THIRD NATIONAL VEC has been ap¬ 
pointed by the FCC. The DeVry Amateur 
Radio Society, since the beginning a VEC 
in the 9th call area, has expanded its op¬ 
eration to encompass all United States 
call areas. DeVry professor Jim Georgias 
W9JUG says that their program offers "an 
alternative based on experience in elec¬ 
tronics education and a long dedication to 
amateur radio.” You can contact Jim at 
(312)-929-8500 for complete details. 

Creme de la Ham 

1985’S HAM OF THE YEAR was honored 
recently at the Dayton Hamvention. John 
Willig W8ACE/4 received his award at the 
annual Saturday-night banquet, with over 
800 fellow amateurs looking on. Known as 
"Mr. Hamvention," it was John who, in 
1951, came up with the idea of putting on 
a little hamfest in Dayton, Ohio. This year's 
Special Achievement Award went to Judy 
Frye KG8P for her efforts in establishing 
the all-volunteer amateur examination pro¬ 
gram. Judy is responsible for many of the 
methods and procedures used and was 
cited by Senator Barry Goldwater as one of 
the key individuals responsible for the ini¬ 


tial success of the program. Rich Whiting 
W9TN was the recipient of the Technical 
Excellence Award for his work in develop¬ 
ing the Teleconference Radio Network 
(TRN). TRN is an on-the-air forum using 
teleconferencing technology that allows 
thousands of amateurs to participate in 
discussions with notable figures and ex¬ 
perts in the field of ham radio. 73 congrat¬ 
ulates John, Judy, and Rich for their tire¬ 
less efforts to better our hobby. 

China Chat 


SIGNALS FROM CHINA will be heard on 
June 15th as a group of hams on tour pay 
a visit to BY1PK. Plans call for operation 
from 8:30 am to 11:30 am Beijing time. Ac¬ 
tivity in China is really picking up, with new 
stations popping up almost weekly now. 
The operators are learning to work the pile- 
ups, though most BY hams prefer to have 
a casual rag-chew. Don’t be surprised if 
someone in Beijing answers your next CQ! 

Space Balk 


NASA HAS DISALLOWED any modifica¬ 
tion to the Space Shuttle's cargo bay to ac¬ 
commodate a ten-meter antenna, severely 
limiting the planned ham-in-space flight of 
Dr. Tony England WtORE and John-David 
Bartoe W4NTZ. The ten-meter SSTV exper¬ 
iment has been scrapped, but some two- 
meter slow-scan will be attempted using 
the window antenna and Motorola HT that 
Owen Garriott W5LFL carried on his his¬ 
toric flight. Tony has decided to empha¬ 
size the educational aspects of ham radio 
and will spend most of his limited operat¬ 
ing time contacting radio clubs and 
schools. The ARRL is acting as a clearing¬ 
house for organizations wishing to partici¬ 
pate. Several delays have set the orbiter's 
scheduled launch back to mid-July; next 
month's column will contain the latest 
flight plan, or you can access the 73 RBBS 
at (603J-924-9809 for up-to-the-minute infor¬ 
mation. 

Hamtastic! 


HAM DAY '85 filled a few pages in the log 
here at W2NSD/1. The crew at 73 was on 
the air nearly all day, manned by Perry 
Donham KWIO, Chris Schmidt KA1MPL, 
and, of course, Wayne Green W2NSD him¬ 
self. Visitors to the shack included Nancy 
Cook, her daughter Rachel, and Hope Cur¬ 
rier. From the letters we've received, Ham 
Day introduced thousands of people to the 
magic of amateur radio through individual 


demonstrations. We'll soon be hearing a 
flood of new calls on the bands! 

Rules Revised 


FIELD DAY RULES have been modified to 
allow additional bonus points for packet- 
radio contacts. The ARRL Contest Advi¬ 
sory Committee, acting on a request by 
Thomas Clements III W1ICH, quickly ap¬ 
proved a 100-point reward for completing 
at least one packet QSO. You may add the 
following to your Field Day rules: "An ad¬ 
ditional 100 points can be earned by com¬ 
pleting at least one QSO on packet radio 
during the Field Day period. The repeater 
provision is waived for packet-radio QSOs. 
A packet station does not count as an ad¬ 
ditional transmitter. On the summary 
sheet, show packet radio as a separate 
band." Field Day will be held the 22nd and 
23rd of June—look for the 73 gang on the 
air as W1XU! 

Leaky Lines 


THE ARRL has strongly opposed FCC 
Mass Media Docket 85-38, which seeks to 
relax quality standards for cable-television 
systems, allowing larger signal leakage 
levels in the 54-216-MHz band. In its com¬ 
ments, the League stated, “it would ap¬ 
pear that the proposed increase in maxi¬ 
mum cable signal leakage levels is unnec¬ 
essary to well-engineered, well-maintained 
systems.. .Only those systems which ex¬ 
hibit leakage levels in excess of presently 
permitted leakage maxima would be re¬ 
warded for their failure to adequately 
maintain their systems by legalization of 
existing rule violations.'' The ARRL 
pointed out that they receive between 4 
and 10 communications weekly from ama¬ 
teurs requesting technical assistance with 
regard to cable-TV interference. During a 
hearing In which FCC Chairman Fowler 
went before the Senate Subcommittee on 
Communications, Senator Goldwater 
asked Chairman Fowler about the pro¬ 
posed legislation, and whether cable-tele¬ 
vision operators would still be responsible 
for eliminating interference, regardless of 
the level of leakage from the cable. Fow¬ 
ler’s reply: "Absolutely!" 

Code Convicts 


NATIONAL VEC W5YI has been notified of 
what may be the first documented case of 
cheating on a volunteer-administered ex¬ 
amination. Lakeville, Indiana, VE. Larry 
Weaver KB9V, reports that his VE team ob- 
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served two testees scribbling gibberish on 
their exam papers during the Morse-code 
portion of the session. Later, the pair 
turned In sheets with perfect scores—for 
the previous month's test! When ap¬ 
proached, one of the applicants bolted for 
the door, Form 610 In hand. The other con¬ 
fessed that a third accomplice had se¬ 
cretly taped the earlier exam with a micro¬ 
cassette recorder. The FCC’s Compliance 
Branch is looking into the matter. 

Sat Session Set 


AMATEUR SATELLITES will be the topic Of 
the next North American Teleconference 
Radio Net (TRN), scheduled for June 14th. 
An overview of the OSCAR program will be 
presented, Including information on how 
to get started in satellite communication, 
how amateur satellites are launched and 
built, and what kinds of plans are on the 
drawing board for future OSCARs. Fea¬ 
tured speakers for this TRN include John 
Browning W6SP. Rip Riportella WA2LQQ, 
Tom Clark W3IWI, John Champa K80CL, 
and Bill Tynan W3XO. This is a good op¬ 
portunity to pick up the information you 
need to get started in this exciting phase 
of amateur radio. For information about 
TRN, contact Net Manager Timothy Low- 
ensteln, do Midway Amateur Radio Club, 
PO Box 1231, Kearney NE 68847-1231. 

QRM? 


A REPORT AND ORDER issued by the FCC 
recently allows commercial broadcast sta¬ 
tions licensed by the FCC and operating in 
the Pacific outside of ITU Region 2 (North 
America, South America, and Greenland) 
to transmit on frequencies between 7100 
and 7300 kHz. The Order stipulates that 
none of the stations may operate at any 
time with their antennas aimed at Region 
2. It also sets limits on the amount of ra¬ 
diated energy that is allowed to leak into 
Region 2 during the hours from 0600 to 
1600 UTC: 12 dB below the major lobe for 
antennas with gains greater than 15 dB, 
and 6 dB below the major lobe for anten¬ 
nas of less than 15 dB gain. It’s not clear 
yet just how much extra interference this 
will cause on the already congested 40-me¬ 
ter band. 

Forty Phone 


CARIBBEAN AMATEURS soon will be able 
to use phone in the 7075-7100-kHz band. 
Hams in Alaska and Hawaii already have 
this privilege. A petition filed last Novem¬ 
ber by David Novoa KP4AM noted that the 
Caribbean is the only FCC jurisdiction out¬ 
side of the continental US where amateurs 
may not operate in this segment. David 
said that interference from broadcast sta¬ 
tions makes frequencies above 7100 kHz 
useless at night. He further reasoned that 
• June, 1985 


use of 7075-7100 kHz would promote Inter¬ 
national goodwill and would not Interfere 
with CW operation stateside. The FCC pro¬ 
poses to amend Section 97.61, paragraph 
1, limitation 1 to read, "The use of A3E and 
F3E In this band is limited to amateur radio 
stations transmitting from any location 
other than the forty-eight contiguous 
states.” The Puerto Rico Amateur Radio 
Club suggests limiting the privileges to 
Advanced- and Extra-class licensees. 
Comments on the proposed rulemaking, 
Docket 85-104, are due by June 17, while 
reply comments should be In by July 17. 

Packet Prize 


A UNIQUE AWARD is being offered by the 
Pacific Packet Radio Society (PPRS) to 
encourage packet-radio enthusiasts to 
stretch the limits of digital communica¬ 
tion. The "Golden Packet" will be pre¬ 
sented to amateurs who complete the first 
terrestrial transcontinental packet net¬ 
work link and will consist of either a 
plaque or certificate suitably engraved for 
all of the participating stations. The sys¬ 



tem used for the transcontinental link 
must consist of fixed terrestrial digital 
store-and-forward radio links using VHF 
(greater than 144.1 MHz), UHF, or micro- 
wave frequencies. Use of HF, satellite, 
tropo, meteor scatter, or moonbounce is 
prohibited. For complete details, contact 
the Pacific Packet Radio Society, PO Box 
51562, Palo Alto CA 94303. 

Suldden Move 


ALABAMA REPEATER OWNERS were sur¬ 
prised by a letter from Frequency Coordi¬ 
nation Chairman William Matthews 
WA4ZVJ directing them to comply with a 
20-kHz repeater spacing two-meter band 
plan by July 1, 1965, or lose their coordi¬ 
nated status. According to a story In the 
W5YI Report, Matthews wanted Alabama 
to switch to the new band plan first, set¬ 
ting an example for neighboring states 
Georgia, Tennessee, Mississippi, and Flor¬ 
ida. An Alabama repeater owner claims 
that he "had heard nothing until a regis¬ 
tered letter showed up saying that I had to 
move." There seems to be no room for dis¬ 
cussion. As one owner said, "You can say 
anything you want, but if you are not on 
the new frequency by July 1st, you can for¬ 
get your repeater." 

Battle Zone 


AMATEURS HAVE WON a major battle in 
North Carolina against a restrictive an¬ 
tenna ordinance that would have limited 
the installation of amateur UHF systems. 
The proposal, which had been approved by 
the Cumberland County Joint Planning 
Board, would have required a permit for 
the erection of a "satellite dish" of greater 
than 42 inches in diameter and would have 
banned dishes with a diameter greater 
than 12 feet. Speaking on behalf of the 
Cape Fear Amateur Radio Society, Bert 
VanderClute N4ERM pointed out that am¬ 
ateur-radio operators often use antennas 
similar In appearance to satellite-televi¬ 
sion dishes. He then cited the great contri¬ 
bution made by hams during times of 
crisis, such as the communications pro¬ 
vided by amateurs after a tornado devas¬ 
tated the region last year, When the dust 
had settled and the matter was put to a 
vote, the hams won 4 to 1. Overwhelming 
support from the amateur community and 
a rational, well-presented argument were 
the key to this victory. 

Help! 


WE HAD HELP this month from the W5YI 
Report, Gateway, the ARRL Letter, and 
Contributing Editor Bill Pasternak 
WA6ITF. We’d love to hear from you— send 
your news items and photographs to 73 
Magazine, 80 Pine Street, Peterborough 
NH 03458, Attn: “QRX." 
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Bob Roehrig K9EUI 
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Batavia IL 60510 


Tune IntheTU-IOOO 

Has your R TTY budget hit bottom? Then dust off 
that soldering iron — K9EUTs no-nonsense terminal unit 
gives store-bought performance at a build-it-yourself price. 


T he TU-1000 is a state-of- 
the-art terminal unit for 
RTTY that equals or exceeds 
the performance of most 
units available today. The 
design intent was to have a 
circuit that could be built 
easily. With a minimum of 
fuss, you can get on RTTY 
with the features and perfor¬ 
mance expected of com¬ 
mercial units: 

• Tuned circuits employ 
the latest active-filter tech¬ 
nology that eliminates bulky 
toroidal inductors and the 
need for hand-selecting 
components 

• Input filtering ahead of 
the limiter prevents unwant¬ 
ed signals from reaching the 
limiter 

• Continuously-adjustable 
shift from 50 to 850 Hz 
• Only one internal adjust¬ 
ment required prior to oper¬ 
ation and no selection of 
components needed 
• RS-232 data output inter¬ 
faces with modem termi¬ 
nals, microprocessors, code 
converters, or current-loop 
drivers 


• RS-232 and relay driver 
output from autostart cir¬ 
cuit 

• Switchable low-pass 
post-detection filter for opti¬ 
mum results at different 
data rates 

• Squelch circuit clamps 
data output in marking state 
when no data is present 

• Data-invert switch for in¬ 
verted input signals 

• Sensitive input works off 
any audio source of at least 
75 mV rms 

• Automatic slicer bias 
compensates for signal 
fading 

Circuit Description 

Input stage IC1A is a com¬ 
bination high-pass filter and 
follower. It rolls off below 
1000 Hz while presenting an 
input impedance of about 
50k to the audio source. 
Thus it is suitable for con¬ 
necting to the record output 
of many modem receivers 
as well as a speaker output. 
The high-pass filter provides 
at least 40-dB rejection to 


60- and 120-Hz hum and rip¬ 
ple. The output of this stage 
presents a constant low-im¬ 
pedance source for the next 
stage. 

ICIB and IC2A form high- 
pass and low-pass filters 
which act as a broad band¬ 
pass filter. This filter rejects 
frequencies outside the de¬ 
sired range. In the desired 
range of 2 to 3 kHz, re¬ 
sponse is flat within 1 dB. 
Outside this range, a 6-dB- 
per-octave roll-off occurs. 
Submultiples of this range 
are the frequencies that 
cause the most problems. 
Frequencies in the 700-to- 
1000-Hz range are attenu¬ 
ated at least 20 dB, prevent¬ 
ing their harmonics from 
capturing the limiter. 

IC2B is a limiter stage 
which has a gain of 1000. 
This stage delivers a con¬ 
stant amplitude signal to the 
active channel filters. Un¬ 
like some other TU designs, 
this limiter is self-biased, 
which eliminates the need 
for a touchy adjustment 

The channel filters consist 
of IC3 for mark and IC4 for 


space. These devices con¬ 
tain a 3-stage active filter 
with 2 tunable elements. By 
tuning both adjustable sec¬ 
tions. the filter can be tuned 
over a wide frequency range 
and still maintain a uniform 
output level. Gain of the fil¬ 
ters is set by divider R11/R12 
and the filter input resistors 
R13 and R23 Filter Q is set 
by R21 and R35. The mark 
filter, IC3, is tuned to 2125 
Hz with R14. With 2125 Hz 
applied to the input of the 
unit, adjust R14 for maxi¬ 
mum signal at pin 15 of IC3. 
The peak-response signal 
level at the tuning-indicator 
points is 6 volts p-p. R27 is a 
dual 10k pot on the front 
panel and is the space tun¬ 
ing control, or shift control. I 
suggest using a pointer knob 
on the shift control with cali¬ 
bration marks on the panel 
for the 4 main shifts of 85, 
170, 425, and 850 Hz. 

The filter ICs have a 
fourth op-amp stage that is 
used with diodes CR1 
through CR4 to form full- 
wave, absolute-value detec¬ 
tors. The mark-detector out- 


14 73 for Radio Amateurs • June, 1985 



put is a positive voltage and 
the space detector is a nega¬ 
tive voltage, A small amount 
of filtering is provided by 
R18/C7 and R30/C8. The peak 
voltage at the filter outputs 
is about 3 V dc. This level is 
reduced to less than 1.5 
volts at the summing point 
at the input to IC5A, so this 
dc-amplifier stage has been 
given a gain of 8 to make up 
for the previous signal-level 
reduction. The output of 
IC5A should be positive 10 
volts on mark and negative 
10 volts on space. 

IC5B is a unity-gain invert¬ 
er used to reverse the 
"sense" of the signal for "up¬ 
side-down" copy with the 
normal/reverse switch. 

Final filtering of the enve¬ 
lope waveform is done in 
IC6A. This low-pass filter is 
switchable for high- and 
low-speed data. Low speeds 
are 45 and 50 baud and high¬ 
speed signals are those of 74 
baud and greater. (In noisy 
conditions, the low-speed 
position can be used at 74 
baud with a slight increase 
in output distortion). 

CR5 through CR8 and asso¬ 
ciated components form a 
circuit known as an ATC 
(automatic threshold correc¬ 
tor). This is a fancy form of 
capacitive coupling that 
automatically maintains the 
proper dc bias to the slicer 
stage when there is a level 
difference between the 
mark and space signals. It is 
possible to obtain perfect 
copy even if mark or space 
fades completely. I recom¬ 
mend switching the ATC off 
for unattended autostart op¬ 
eration and when copying 
multiplexed signals. This cir¬ 
cuit has been used in TUs for 
a number of years and has 
not yet been improved 
upon. While use of the ATC 
can increase output distor¬ 
tion under ideal conditions, 
it usually is left on so that it 
can automatically correct 
the signal when conditions 
get bad. 

IC6B is the slicer, a high- 
gain dc amplifier that 
squares up the filtered 
waveform. The slicer is 


slightly biased towards the 
mark side by the positive 
voltage from the divider 
formed by R54/CR9. This en¬ 
sures that the TU output will 
idle in the marking stage 
when no signal is present 
The slicer output is RS-232, 


which swings from a nega¬ 
tive level for mark to a posi¬ 
tive level for space. To inter¬ 
face to TTL circuits, you can 
just add a 5-volt zener diode 
from the output to ground, 
with the anode of the diode 
towards ground. This limits 


the output swing to safe lim¬ 
its for TTL circuits. 

The output from the low- 
pass filter is also fed to 
IC7A, which sets the thresh¬ 
old for the autostart circuit 
Like the slicer, this stage is 
biased towards the mark 
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Fig. 2(a). Peak detector. 


'™“T«-0~~i 

Fig. 2(c). Indicator circuit using microammeters. 



Fig. 2(b). LED indicator. 



Fig. 3. PC Board, foil side. 
• June, 1985 


side, only more so. This re¬ 
quires a fairly decent mark 
signal to activate the auto¬ 
start. When the mark signal 
exceeds the 3-volt threshold, 
Cl6 will be charged via 
CR10 and R61. When this 
voltage level exceeds the 
6-volt level set by R64 and 
R65, the output of IC7B will 
switch high. This output is 
the RS-232 autostart signal 
via R66. This positive level 
also turns on Q1, which can 
be used to operate a relay 
for motor control 

Before mark is sensed, the 
output of IC7B is negative 
This negative source forces 
the data output via CR11 
and R68 Spacing signals will 
not cause the data output to 
switch positive until the 
autostart circuit switches 
on This is valuable when 
there is voice or other activi¬ 
ty on the monitored fre¬ 
quency that would trigger 
the TU and cause it to print 
garbage. When the autostart 
turns on, CR11 becomes re¬ 
verse biased, which permits 
the data output to operate 
normally. 

When mark goes off, IC7A 
switches negative again. Cl 6 
slowly discharges through 
R61 and R60. Autostart turn¬ 
on time is determined by the 
RC time constant R61 x 
Cl 7 and the turn-off time is 
(R60 + R61) X Cl 7. With 
the values shown, on/off 
times are about 3 and 9 sec¬ 
onds. This ratio should be 
maintained so characters 
that have more spacing bits 
than marking will not cause 
the autostart to drop out If 
you wish to change the over¬ 
all timing, you can change 
Cl6. Within limits. R65 can 
also be changed. Reducing 
R65 will lengthen the times. 

There are several options 
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for a tuning indicator A 
scope may be directly con¬ 
nected to the indicator out¬ 
puts to obtain the "cross" 
display. If a scope is used, it 
would be possible to use 
one of the autostart outputs 
to extinguish the scope 
beam when there are no sig¬ 
nals to prevent a phosphor 
burn. Or the autostart out¬ 
put can connect to one of 
the CRT's deflection plates 
via a relay or high-voltage 
transistor to deflect the 
beam off the screen when 
the system is idle. 

If you do not have a scope, 

I recommend one of the 
LED bar-graph indicator ICs 
like the LM3914. (A com¬ 
plete circuit board with 
LEDs included is available 
from Jameco.) A recommend¬ 
ed circuit is shown in Fig. 
2(b). The ac signal from the 
TU indicator outputs is fed 
to a peak detector with a 
fast-attack/s low-recovery 
time, as shown in Fig. 2(a). 
R3 sets the LED current at 
about 10 mA and R4 adjusts 
the sensitivity. Adjust R4 for 
a "full-scale" reading with 
steady mark and space tones 
on each bar-graph circuit Re¬ 
member that when a signal 
is tuned in and all the LEDs 
are on, the total current 
drain by both indicator cir¬ 
cuits will be close to 200 mA. 

Meters can also be used 
for indicators with the peak- 
detector circuit. I recom¬ 
mend 2 meters rather than a 
zero-center one. Try to use 
sensitive ones (like 200 uA or 
less) to reduce loading of the 
detector. VU meters with 
built-in rectifiers can be di¬ 
rectly connected to the TU; 
however, they will tend to 
follow individual bits of the 
data. You will have to exper¬ 
iment with an appropriate 
value for a series resistor. 

Fig. 3 is a selector-magnet 
driver circuit that I recom¬ 
mend for driving printers 
such as Model 15s or 28s. 
Ideally, this circuit should 
be mounted in the printer 
along with the 120-volt sup¬ 
ply. This keeps the current 
loop physically small and re¬ 
duces radiation to any re¬ 


ceivers caused by the switch- choice for Q2. R5/C2 sup- ferent TUs. I decided to try 

ing transients in the current press spikes that could dam- to come up with some mean- 

loop. Connection to the TU age Q2. ingful measurements that 

should be via shielded cable could be used, 

to help keep out rf. Q2 does Performance Tests One of the important 

not have to be on a heat sink Unlike rf or stereo equip- characteristics of a TU is its 
since so little heat is gener- ment, there have been no ability to copy signals 

ated; it is either switched ful- real standard parameters or buried in noise. Also, if the 

ly on or off. The Sylvania specifications used to com- unit has ATC, it is nice to 

ECG-157 is also a good pare the performance of dif- know how well the unit does 



Fig 4. Parts placement. 
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Fig 5. Selector-magnet driver circuit. 


when copying mark or space tion. In TTY circuits, this 

only. It is important to know means the displacement of 

how effective the post-de- mark-to-space or space-to- 

tection filter is by determin- mark transitions from where 

ing how well it works at dif- they should normally occur 

ferent data rates and how ef- in time in relation to the be- 

fective it is against noise. ginning of the start bit. It is 
Performance is expressed kind of like checking the 

in terms of percent distor- timing in a gasoline engine. 

Parts Ust 

Quantity Value Designation 

Capacitors 

1 .001 uF C13 

1 .005 uF Cl 

5 .01 uF C2,3,4,6,10 

2 .04 uF C5,9 

2 ,1uF C7.8 

2 10 uF C11.12 

3 100 uF C14,15,16 

Semiconductors 

9 1N270 CR1-9 (or equivalent germanium) 

3 1N914 CR10,11,12 (or equivalent silicon) 

1 1N4000 CR13 

5 MC-1458 IC1, 2,5,6,7 

2 AF-100-1CN IC3.4 

1 2N3904 Q1 (or equivalent switching transistor) 

Resistors (1/4 Watt) 

1 220 Ohms R48 

7 Ik R7,8,24,33,56,68,69 

3 1.5k R12,21,35 

4 1.8k R6,18,30,55 

3 3.3k R59,66,67 

3 3.9k R2,4,5 

16 10k R15,16,17,19,28,29,31,36, 

38,39,40,54,57,58,64,65 

1 10k dual pot R27 

4 15k R25,32,49,50 

3 18k R3,26,34 

2 22k R20,61 

1 33k R44 

2 39k R1,11 

1 50k pot R14 

2 68k R41.46 

1 82k R37 

8 100k R13,23,47,51,52,53,60,62 

1 120k R43 

2 220k R42,45 

2 1M R9.63 

The semiconductor devices are available from Jameco Electronics. 
Jameco also has a complete board consisting of the LM3914 and 
LEDs used for the tuning indicators (2 required) for $5.95 each. The 
AF-100-1CN ICs are $5.95 each from Jameco. (The AF-100 active-fil¬ 
ter ICs were inadvertently left out of Jameco's 1984 catalog—they 
are still available from Jameco.) 

Power-supply and miscellaneous components can be obtained from 
Radio Shack. 


Percent Peak Distortion 

Wpm Shift Noise ATC ATC Mark Only Space Only 

Hz dB* Off On (ATC On) (ATC On) 

60 170 -100 02 03 20 15 

60 850 -100 02 04 06 04 

60 170 0 05 06 24 17 

60 850 0 05 07 11 07 

60 170 + 6 12 13 30 25 

60 850 + 6 12 15 18 15 

100 170 -100 07 06 14 11 

100 850 -100 02 03 06 03 

100 170 0 09 10 20 16 

100 850 0 06 07 14 08 

100 170 + 6 18 21 48 46 

100 850 + 6 27 24 27 24 

•The noise level is in relation to the signal level. Distortion levels are 
peak values In one minute. 

Fig. 6. Distortion readings. 

In TTY distortion measure- generator output was set to 

ments. 50% is the maxi- be 20 dB higher than the os- 

mum. Solid-state devices dilator output The noise 

such as video terminals or generator output was con- 

speed converters using nected to a precision attenu- 

UARTs should provide per- ator that can be varied in 

feet copy at distortion levels 1-dB steps. The output of 

greater than 45%. A good both signal sources was ter- 

Model 28 should provide minated in 600 Ohms and 

solid copy at greater than then summed and fed to the 

35%. Telegraph distortion, TU input. All levels were 

as it is called in the industry, measured using a true rms 

is measured over one char- meter. The AFSK oscillator 

acter length. was keyed by a commercial 

The distortion-measuring crystal-controlled "quick 

set I have indicates the type brown fox" test-sentence 
of distortion as well as the generator, 
peak value over any period Measurements were made 
of time. Thus I can let the at 60 and 100 wpm, at 170 

unit operate over several and 850 shift, and with no 

minutes of time and know noise, signal and noise at 

the highest percentage of equal levels, and with the 

distortion that occurred noise 6 dB higher than the 

over the entire time period signal. Measurements were 
The signal-source setup also made with the ATC on 

consists of a crystal-con- and off as well as with mark 

trolled, synthesized AFSK and space only with the ATC 

oscillator with less than 1 % on. These last measure- 

distortion. The output level ments were made by short- 

was set to twice the voltage ing across the mark or space 

necessary to obtain limiting filter capacitors, C7 or C8. 

in the TU limiter stage. The Like the mileage ratings 
noise source consists of a on cars, actual performance 
white-noise generator cover- may differ from the test re- 
ing 0 to 20 kHz. The noise- suits obtained I connected 



Fig 7 . Power supply for TU-1000. 
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[quality parts at DISCOl 

JNT PRICES! 

SUB-MINIATURE 
DTYPE CONNECTOR 

“t:.■•’‘O 

“PARALLEL" PRINTER 
CONNECTOR 

LEAD’S 

STANDARD JUMBO 
DIFFUSED 

RED 10 FOR $1.50 
GREEN 10 FOR $2.00 
YELLOW 10 FOR $2.00 * 

^ FLASHER LED ff 

A 5 VOLT OPERATION | 

JHzsr |l 

|| BIPOLAR LED 

CRYSTAL 

2 AMP SOLID 
STATE RELAY 

VDC RELAY 

rapP ENERGiH COIL TO 

SWITCHES I STATE BUZZER 

ALL ARC RATED S AMPS STAR .SMB 061 

S.P.D.T. S.P.D.T. SlffrfSh compatible 

(on-on) «' 

EDGE 

CONNECTORS 

22 isr 

loFontroo rt/T f)\ 120V INDICATOR 

SWITCHING 

POWER 

SUPPLY 


TOLL FREE ORDERS • 1 -800-826-5432 

(IN CALIFORNIA: 1*00-258-6666) 

| AK, Ml, Oil IMFOWATIOH . (213)360.0000_ 


the TU to my Model 28 and 
it printed 24 lines of quick 
brown foxes solid at 100 
wpm with the ATC on and 
the noise 10 dB higher than 
the signal! At that ratio, the 
tones cannot be seen on a 
scope and can just barely be 
detected by ear. 

I have not as yet, figured 
a way to simulate QSB by 
reducing mark or space a 
given amount in a given 
time. All operation on the 
ham bands these days is nar¬ 
row shift, so selective fading 
is minimal anyway. If fading 
is not too rapid, the ATC 
should handle most situa¬ 
tions. 

The distortion readings in 
Fig. 4 were all peak readings 
for 1 minute of operation. 
Note: There is little differ¬ 
ence with the ATC on or off; 
however, the unit will not 
copy at all in the mark- or 
space-only condition with 
the ATC off. 

As can be seen in the 
chart in Fig. 4, worst-case 
performance was measured 


in mark or space only, at 100 
wpm 170 shift, with the 
noise at +6 dB. In all other 
cases the distortion was 
below 30%, which should 
still give solid copy. Notice 
that when the noise level is 
high, the distortion at 100 
wpm is worse than at 60 
wpm. This is to be expected 
since pulse widths of noise 
come closer to the pulse 
widths of the data bits. For 
this reason, high-speed data, 
like 1200 baud, is not practi¬ 
cal in noisy conditions with¬ 
out error-correcting circuits. 

All the ICs as well as the 
ready-made LED bar-graph 
indicator boards (part no. 
NSM3914) are available from 
lameco. I can supply a 5" by 
8" circuit board for the TU- 
1000 for $20.00; however, I 
have to get them made in 
quantities of 25. If you want 
a board, send me an SASE so 
I can let you know how long 
it will take. With the board I 
will include a parts list and 
layout drawing as well as a 
large schematic. ■ 


d See a change in your Challenger 
n Put some fun In your Flescher 
n Get your CP-1 in the chips 
b Really motivate your MFJ 
b Heat-up your HAL and hop-up 
your Heath with the.... 



AND AIR-ROM CARTRIDGE 

For both the COMMODORE 64 and VIC 20 

(Soon for the new C-128) 


Works with all these tine terminal units to bring you the ultimate in 
RTTY/CW/AMTOR performance New AMT0R + program with vari¬ 
able PTT delay for slower rigs and high rate bit sync to compensate 
for computer clock crystal variations. It's the best $39.95 you'll 
ever spend to improve your station. Don't 
have a disk drive, then use the ROM 
cartridge at $59.95. On performance and 
features vs. cost, nothing even comes close! 
No complicated menus to bog you down. No 
limited performance programs here. The 
AIRDISK will enhance any demodulator. Oisk 
works with both computers. Specify which 
for cartridge. 



HERE ARE A FEW OF ITS MANY FEATURES: 

• on screen tuning indicators • full or split-screen 

• auto-load memories* • output to commodore 
printers • full speed operation, morse to 99 wpm. 
Baudot to 132 wpm, ASCII to 300 Baud • 4 mode 
AMTOR • WRU • independent RX/TX normal/invert 

• pitch reference CW tuning • real-time disk 
communication* • break buffer • random code 
generator • RX/TX of basic programs* • 24 hr. 
clock • unshift or space • foxtest and more. 

18713 Mooney Drive Gaithersburg, Md. 20879 
301 258-8400 

MICROLOG 

INNOVATORS IN DIGITAL COMMUNICATION 



Commixkire md VIC 20-tradnnub of Commodore Ehctraria. Copyright f 1883 MICROLOC CORPORATION 
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lim Grubbs K9EI 
PO Box 3042 
Springfield IL 62708 


Secrets of Telehamming 

When the bands are dead[ try trading your transmitter 
for a telephone. Operators are standing by. 


W hether you live in the 
city in a one-room 
apartment or on a country 
estate that sits atop the high¬ 
est ground around, there are 
times when it just isn't pos¬ 
sible or desirable to set up 
your ham shack. Maybe you 
are a newcomer to the 
hobby and not yet licensed, 
but you are hungry to con¬ 
verse with those who are ex¬ 
perienced in our hobby. 

Whatever the limitations 
on your amateur-radio activ¬ 
ities, or even if you are a 
quite active ham, recent de¬ 
velopments in the computer 
field have made many ele¬ 
ments of our hobby avail¬ 
able without the need for 
amateur-radio equipment. 

With nothing more than an 
inexpensive home computer 
and telephone modem, you 
can connect reliably with 
other amateurs regardless of 
propagation conditions or 
other factors beyond your 
control. 

What kind of equipment 
does it really take? I recently 
purchased one of the popu¬ 


lar Commodore VIC-20 com- 
puters with a program 
cassette recorder on the 
used market for $85. By add¬ 
ing a modem (computer talk 
for a terminal unit) and 
some public-domain soft¬ 
ware, I was on-line with 
thousands of fellow ama¬ 
teurs for well under $150. It 
doesn't take a $2000 system 
to get the job done! 

Telecomputing (as it is 
often called) has its roots in 
the same technology as am¬ 
ateur RTTY. Both are a form 
of data communication. 

Those of you familiar 
with RTTY may know that 
the teletype code consists of 
five levels, or bits. A start 
and stop signal are added 
for synchronization. Apply¬ 
ing a little binary arithmetic, 
you can see that with only 
five bits to play with, only 32 
different combinations are 
available. By defining two of 
these combinations as let¬ 
ters and figures, it is possible 
to squeak all of the alpha¬ 
bet, the numbers, and some 


basic punctuation into the 
limitations of RTTY code. 

For some years now, a 
more versatile and expanded 
code has been used by many 
services. Known as ASCII 
(pronounced Ask Key, not 
Ask Key Two), this newer 
code exists in both a seven- 
bit and an eight-bit version 
The extra combinations al¬ 
low uppercase and lower¬ 
case and extended punctu¬ 
ation, and some graphics 
are possible, particularly 
with the eight-bit version. 

If you have ever heard a 
RTTY signal, you know that 
RTTY is transmitted by rap¬ 
idly shifting between two 
tones. Amateur standards 
call for these tones to be 170 
Hertz apart, although other 
shifts are also common, par¬ 
ticularly on commercial ser¬ 
vices. 

The large bulk of amateur 
communications occur at 
the 60-word-per-minute 
speed. Data engineers refer 
to this as 45.45 baud or BPS 
(bits per second). The reason 
is simple. World War II sur¬ 


plus machines were made to 
operate at this speed. 

Computer communica¬ 
tions over telephone lines 
borrow heavily from this 40- 
year-old technology. Ama¬ 
teur RTTY technology can 
be applied directly to land¬ 
line (telephone) transmis¬ 
sions. In fact, the TDD sys¬ 
tem (Telecommunication 
Device for the Deaf) still 
uses this technology. There 
are two major differences in 
most modern data transmis¬ 
sion schemes. 

The limitations of me¬ 
chanical receiving units are 
gone forever. Computer 
technology makes it possi¬ 
ble to transmit and receive 
information at 1200 baud or 
faster over a normal voice- 
grade telephone line. A little 
quick figuring shows this to 
be much speedier than the 
amateur 45-baud standard. 
Even at the more commonly 
used 300-baud speed, the in¬ 
crease is quite noticeable. 

A different set of tones is 
used for computer commu¬ 
nication. Actually, there are 
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two sets of tones separated users. There is a rather stiff 
bv about one kilohertz One charge for use of the service 
set of tones is used by the during these peak usage 
originating station, while the hours, 
other is used by the called After six in the evening lo- 
station. By piggybacking cal time, the rates drop dra- 
these signals, two-way si- matically, making the 
multaneous communica- service attractive to the hob- 
tion is possible. byist. 

It isn't important that you The technology used in 
totally understand the the- connecting to CompuServe 
ory of data communications makes extensive use of the 
to make good use of it. Just packet transmission system, 
keep in mind that both ama- This is the same method of 
teur RTTY and telecomput- message exchange just be¬ 
ing have the same roots, ginning to be used by ama- 
You'll be a step ahead if you teurs on an experimental 
have a basic understanding basis, 
of the similarities and differ- At the other end of your 
ences of the two systems. connection to CompuServe 

Who do you talk to once is a bank of minicomputers, 
you have your computer These machines are much 
ready to communicate with faster and can address a 
the world? Many areas have much larger amount of in¬ 
local bulletin boards, some formation than your home 
even specializing in amateur computer can. Once you 
radio. At the end of a local have logged onto Compu- 
phone call, a host computer Serve, you have a myriad of 
is connected. Most systems information available to 
allow users to leave mes- you. By typing GO HOM 
sages for each other in elec- 11, you will be magically 
tronic mailboxes or to post taken to HAMNETI 
bulletins to all users. A swap The GO command simply 
section is often included, tellsthecomputertoconnect 
One of the bulletin boards you to the Home data base, 
(BBS for short) I use even has page 11. That's where HAM- 
an ongoing trivia contest! NET lives on the system. 

More advanced systems During your first visit, you 
allow users access to public- will be offered the chance to 
domain software. Down- join the SIC, or special-inter¬ 
loading (as it is called) al- est group. There is no addi- 
lows you to receive a tional charge for joining 
program for your own use HAMNET. Standard Compu- 
without having to manually Serve rates apply, 
type it in! The SYSOP (short for sys- 

The most sophisticated tern operator in computer 
local systems may have mul- terms) is Scott Loftesness 
tiple phone lines connected W3VS. You may think of him 
to them. Such systems often as net control, though he 
allow conferencing. It's a bit may not always be on fre- 
like a RTTY round table quency. Scott's jobs are nu- 
without the interference! merous. He maintains the 

Several national systems integrity of the information 
merit special mention. Per- in HAMNET. He must make 
haps the most popular and sure that the system does 
versatile national bulletin not exceed its allocated 
board for hams is HAMNET memory space. He has the 
on the CompuServe Infor- power to delete inappro- 
mation Service Network. priate messages or old files. 

CompuServe is a very large The amount of informa- 

data-base operation oper- tion available in HAMNET is 
ated by H & R Block. The host a bit astounding. Among 
computer is located in Co- other things, an electronic 
lumbus, Ohio. During busi- version of the W5YI Report 
ness hours, CompuServe is is available for browsing, 
heavily used by commercial The latest ARRL information 


can be found. Programs of Source also has another 
interest to HAMNET mem- area that may prove to be of 
bers are available for down- interest. Called user publish- 
loading. ing, interested Source sub- 

just as it is on the air, per- scribers can electronically 
haps the most useful service "publish" their newsletters, 
is the message section where programs, and so on. Source 
SIC members have ongoing will actually pay you based 
discussions. By using the se- on how much connect time 
lective retrieval options is spent accessing your 
available, you can look for work. The whole area is a bit 
messages about your favor- complex, but it could offer 
ite subject. During Owen the possibility for an on-line 
Garriott's operation, a DX newsletter, for example, 
search for STS resulted in Rates for Source are 
the most up-to-date infor- slightly higher than Compu- 
mation I saw anywhere. The Serve but are still below $10 
same can be done no matter per hour during the evening, 
what you are searching for. There are many other free 
HAMNET also has a fea- (except for the phone call) 
tured guest each month, services available for ama- 
Known as the GUEST OP, teur operators. The AMSAT 
it's your chance to commu- Software Exchange is a good 
nicate directly with some of example, 
the most well-known people for several years now, 
in amateur radio. Bob Diersing N5AHD has 

Through the use of the operated a bulletin-board 
conferencing feature, you service for OSCAR enthusi- 
can even talk to others on asts. Bob comes by his hob- 
theSIG at the same time you by use of computers nat- 
are. Depending on how urally. He is Director of 
heavily loaded the system is, Computer Services at Cor- 
transmissions are delayed pus Christi State University 
from just a split second to To reach the AMSAT bulle- 
several minutes. It takes tin board, dial (512)-852- 
some getting used to. 8194 Normal long-distance 

Scott offers a "Hitchhik- rates apply, 
er's Guide to HAMNET." An | should also mention that 
SASE with extra postage from my part of the country, 
should get you a copy, the telephone circuits to 
Scott's address is; 20324 Corpus Christi are very poor. 
Highland Hall Drive, Gaith- This causes some problems 
ersburgMD 20760. in communicating with the 

A little further east is the system at times, 
nation's first national data- Your computer can also 
base operation. Source. The be used in conjunction with 
prestigious Reader's Digest regular amateur equipment 
Association is behind this to accomplish similar oper- 
one. Operation on Source is ations on the air. Message- 
somewhat different, al- storage operations and pro- 
though the same principles gram exchanges are becom- 
apply. ing very popular. 

Source has chosen not to So whether you area corn- 
implement SIGs, but rather pu ter hobbyist new to ama- 
has one gigantic message teur radio or a ham new to 
board...an electronic ver- computing, a whole world 
sion of the bulletin board at of information is available 
your local grocery store, to you about your hobby 
Each message must be as- with an inexpensive home 
signed a category. Ham ra- computer and a connection 
dio is one of the available to your telephone line. For- 
categories. get the zoning restrictions 

Once again, the selective- and TVI. Telecomputing, 
search features make it easy or perhaps I should call it 
to find the messages you are telehamming, may be for 
looking for. youll 
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tarry P. Mundinger KC4Q 
10017 Westleigfi Dr, 
Huntsville At 35803 


CoCo's Counter 

Use this dirt-cheap method to tune up your A FSK generator. 


A number of recent con¬ 
struction articles have 
described inexpensive RTTY 
terminal units using the XR- 
2206 function generator to 
produce AFSK tones. In 
each case, a frequency 
counter is required to adjust 
the tones for the proper 
shift Misalignment of the 
transmitted tones will pre¬ 
vent stations using very nar¬ 
row filters from copying 
your signal and in extreme 
cases could get you a notice 
from the FCC. 

Since the cost of an inex¬ 
pensive frequency counter 
is comparable to that of a 
simple commercial terminal 


unit it is understandable 
that few newcomers to 
RTTY are using home-brew 
equipment. Even if you can 
borrow a counter from a 
friend for the initial adjust¬ 
ment, all terminal units, 
whether commercial or 
home-brew, should be 
checked periodically be¬ 
cause component values 
can change with age. 

The Radio Shack TRS40C 
Color Computer™ is an ex¬ 
cellent choice for amateur 
RTTY use, and with the 
CoCo counter program it 
will even help you align 
your terminal unit All that is 
required is a 10k resistor and 


an extra wire between the 
terminal unit and the serial 
I/O connector of the CoCo. 
These are connected to pin 
11 of the XR-2206, as shown 
in Fig. 1, and can be left in 
place without affecting op¬ 
eration of either unit 
The program listing is 
shown. The first part puts 
the menu on the screen and 
POKEs the machine-lan¬ 
guage part of the program 
into memory. The remainder 
of the program takes control 
of two of the 6809 proces¬ 
sor's interrupts to perform 
the counting function. The 
IRQ interrupt is driven by 
the field-sync output of the 


video-display generator and 
used to time a one-second 
interval. During this time the 
FIRQ interrupt, driven by 
the square-wave output of 
the XR-2206, is counting cy¬ 
cles. When one second has 
elapsed, the number of cy¬ 
cles counted is output to the 
screen by a call to a Basic 
ROM routine and the key¬ 
board is polled for an input 
before counting again. The 
keyboard input allows chang¬ 
ing the serial output so that 
either a mark or a space is 
generated. EXIT to Basic is 
the third menu option. 

You will not get super ac¬ 
curacy with this method be- 


Program listing 


10® REM* FREQUENCY COUNTER F’RG 
110 REM********************** 

120 REM* .SET UP SCREEN * 

130 REM** * * * * * ** * * * * * * ** * * * * * 

140 C-LS 

150 PRINT " FREQUENCY COUNTER 
PROGRRM" 

160 PRINT " " " 

170 PRINT “ FREQUENCY IN HE 

RTZ " 

ISO PRINT " ” , " ", 

190 PRINT " S TO SET SPACE <2295 
HZ)" 


20® PRINT " M TO SET MARK <2125 


210 PRINT " E TO EXIT" 

215 RE M * * * *** * * * ** ******* ** **** 

216 REM* POKE IN MACHINE * 

217 REM* LANGUAGE PROGRAM * 

218 REM* * * * * ** * * * * * * * * ** ******* 

220 FOR A = 5164 TO 5322 

221 READ D = POKE R,D 

222 NEXT A 
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223 EXEC 5164 

224 DATA 204,20,158,253,1,16,204 
,20,175,253,1,13,134,126,183,1,1 

5.134.55.183 

225 DATA 255,33,134,55,183,255,3 
,134,68,183,28,201,127,20,202,12 
7,20,203,125,20 

226 DATA 201,38,251,134,54,183,2 
55,33,204,137,76,253,1,13,284,1 6 
0,246,253,1,16 

227 DATA 204,4,140,221,136,134,9 
6,183,4,148,183,4,141,183,4,142, 

183.4.143.183 

228 DATA 4,144,252,20,282,189,18 
9,204,173,159,160,0,39,162,129,8 
3,16,39,0,42 

229 DATA 129,77,16,39,8,43,129,6 
9,16,39,139,139,32,142,52,7,252, 
20,282,195 

230 DATA 0,1,253,20,202,182,255, 
32,53,7,59,52,3,122,20,201,182,2 
55,2,53 

231 DATA 3,59,79,183,2S5,32,22,2 
55,187,134,2,183,255,32,22,255,9 
9,8,255 

232 END 







cause the field rate of a col- 
or-TV signal is slightly less 
than 60 Hertz and the CoCo 
clock is far from a precision 
frequency standard. My 
CoCo apparently runs faster 
than it should because the 
frequency readouts are 
about one percent low. 
What is important is the dif¬ 
ference in frequency be¬ 
tween the mark and space 
tones, and this can be set to 
within two Hertz of nom¬ 
inal. If you can borrow a fre¬ 
quency counter, you can de¬ 
termine the error for your 
computer and file it for use 
later when checking for 
drift. If you can't borrow a 
counter, then use the values 
displayed and align the de¬ 
modulator to respond to 
your output tones. That way 
you will be transmitting and 
receiving on the same fre¬ 
quency. This is important in 
conserving spectrum space 
and essential for accessing 
any of the electronic-mail- 
box systems on the air. 

This program could be in- 



Fig. 1. Wiring diagram. 


corporated into a general 
RTTY program as a menu 
item for use whenever de¬ 
sired. I will be glad to supply 
an assembly-language list¬ 
ing to anyone who sends me 
an SASE.B 
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T.V.I. problems? 


Low pom T.VI fitters from 
Barker & Williamson 



HAL-TRONIX 
SUMMER SPECIALS 




1M RAM NEW 

APPLE II and APPLE II + COMPUTER MAIN¬ 
FRAMES (fully populated) .$150.00 


POWER SUPPLY; CASE AND KEYBOARD; SEPA- 


RATELY AVAILABLE.CALL OR WRITE 

IC CHIPS AVAIL 

UNIT AS DESCRIBED ABOVE, FULLY ASSEM¬ 
BLED & TESTED $350 PLUS SHIPPING 

ULA VIDEO CMSP $496 

Z-80CPU. *250 

FEATUREo’lN THE FEB. ISSUE OF RADIO ELECTRONICS. WEHAVE 

2364 TIMEX PROM $4.96 

FSK DEMOOULATOiVTONE DECODER 

XR-2211 . (SPECIAL) *2J5 

UMrTEO QUANTITY -5 PER CUSTOMER 

KEYBOARD 199/* *9 KEV! 

DUAL JACKS: INTERFACE CASSETTE WCOMPUTER $2-50 EA 
RCA CABLE; INTERFACE TV WCOMPUTER $125 

pwJer C supply 

16K RAM PACKS (REFURBSJ. $19.95 


CASSETTE GAME PACKS 

PKQ. #1 CHECK BOOK MANAGER; THE ORGANIZER; THE 

BUDGETEER; ALL 3 FOR.$10.95 


PKG #2 FLIGHT SIMULATOR. THE MIXED BAG OF GAMES. THE 



HAL-TRONIX PRICE 

CHIP BONANZA! 



EPROMS 

2708 8K EPROM.$1.50 EA.; 10/S12.50 

2716 16K EPROM.$3.00 EA.; 10/$25.00 

2516 16K EPROM.$3.00 EA.; 10*25.00 

2732 32K EPROM.$4.00 EA.; 10*35.00 

2532 32K EPROM.$4.00 EA.; 10*35,00 

2764 64K EPROM.$5.50 EA.; 10*50.00 

27128 128K EPROM .$19.95 EA.; 10*190 00 

2114 1Kx4 RAM.$1.95 EA.; 10*17.50 

4116 16K RAM .$1.00 EA.; 10*8.00 

4164 64K RAM .$4.25 EA.; 10/$40.00 

TMS 9900NL CPU CHIP.$4.95 EA. 

TMS 9901NL PSI CHIP .$2.95 EA. 

TMS 9902 ASTABLE SYNCH. CONTROLLER.$4.95 EA. 

TMS 9904/74LS362.$5.95 EA. 

TMS 9918ANL COLOR GRAPHICS & DISPLAY CHIP.$9.95 

TMS 9928A VIDEO DISPLAY PROC., RGB OUTPUT.$8.95 

6502 CPU CHIP.$4.95 EA.; 10*45.00 

6810.$1.95 EA.; 10*18.00 

TIM 9904ANL MICRO-P CLOCK GEN./DRIVER.$5.95 EA. 

68A09. $5.95 EA.; 10/$50 

68A09E. $6.95 EA.; 10/$60 

6821. $2.50 EA,; 10*22 

68A21 . $2.95 EA.; 10*25 

6845. $11.95 EA.; 10*110 

LM1894 "DNR” CHIP.$9.95EA. 

XR2211 .$2.95 EA. 


Hal-Tronix, Inc. 

P.O. BOX 1101 • DEPT. N 
SOUTHGATE, MICH. 48195 
PHONE (313) 285-1782 


HAROLD C HOWLAND 


"When 


Buy, Say 73" 
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Neil Harding McAlister VE3KSP 
22 Ren field Crescent 
Whitby, Ontario 
Canada LI PI B4 


Is Ham Radio Baking Us? 

What damage occurs when human bodies are subjected to 
electromagnetic fields is not fully understood. Here > an expert in 
biostatistics examines the problem from an amateur's perspective— 
and offers some practical preventative suggestions. 


E ven if it never happens to 
you and me —well, 
hardly ever —we all joke 
about browbeaten hams 
whose neglected spouses 
storm into the shack period¬ 
ically, demanding that they 
switch off “that %$#@* ra¬ 
dio" on threat of dire conse¬ 
quences. 

Wouldn't it be ironic if 
those impatient wives and 
husbands have actually 
been doing these persecuted 
hams a favor by dragging 
them away from their be¬ 
loved rigs? New research 
into the biological effects of 
electromagnetic (EM) radia¬ 
tion is beginning to suggest 
that people who expose 
themselves to higher-than- 
normal levels of radio fre¬ 
quencies (rf) and micro- 
waves may no longer be 
able to take it for granted 
that these exposures are per¬ 
fectly harmless. 

How significant is the 
concern? Nobody knows for 
sure. If there is any danger at 
all from the emissions of 
ham-radio equipment, it is 
neither immediate nor over- 
whelming: Hams aren't 
dropping dead by the dozen 


after a grueling weekend 
contest. However, our un¬ 
derstanding of what rf fields 
do to people over long pe¬ 
riods of exposure (like years 
or decades) is limited by a 
shortage of basic scientific 
knowledge about the effects 
of EM radiation on human 
cells, by the virtual absence 
of population-based (or "ep¬ 
idemiologic") data about 
large groups of people (like 
hams) who have been ex¬ 
posed to higher-than-usual 
levels of rf and microwaves 
for a long time, and by the 
vastness of a subject as wide 
as the electromagnetic spec¬ 
trum itself. 

The electromagnetic fre¬ 
quency spectrum ranges 
from extremely low frequen¬ 
cies (ELF) or very low fre¬ 
quencies (VLF) of 5 to 300 
Hz, with wavelengths in 
the order of 10® meters, up 
through increasingly higher 
frequencies and shorter 
wavelengths. It progresses 
through radio frequencies 
from a few kHz to a few 
MHz, microwaves up to the 
100-CHz range, infrared 
light, visible light, ultravi¬ 
olet, X-rays, and, finally. 


gamma rays with frequen¬ 
cies of up to 10 22 Hz and 
very short wavelengths in 
the order of 10 - 14 meters. 

Ultraviolet light, X-rays, 
and gamma rays have 
quanta of sufficient energy 
to ionize molecules and 
break apart their bonds. 
Such ionizing radiation is 
known to disrupt many bio¬ 
logical functions. Visible 
light(e.g., a laser beam)does 
damage by direct heating. 
Longer wavelengths (micro- 
waves, rf, and ELF) neither 
have enough energy to 
cause ionization nor, gener¬ 
ally speaking, are they ca¬ 
pable of producing damage 
by heat. Yet it is known that 
weak electromagnetic fields 
in these lower frequencies 
also produce biological ef¬ 
fects on living cells. Al¬ 
though these nonthermal 
effects are incompletely 
understood, they are ap¬ 
plied in orthopedic medi¬ 
cine, where weak, pulsed 
EM fields are used in the 
treatment of fractures. 

The Effects of Rf 
and Microwaves 

The relatively small 


amount that we know about 
the biological effects of EM 
fields is based on work with 
test-tube cell preparations 
and on animal experiments. 
Very little work has been 
done to examine compre¬ 
hensively the health of large 
numbers of humans who 
have been exposed to 
higher-than-average EM 
emissions. 

Writing in a recent issue 
of the I.E.E.E. Spectrum, a 
magazine received by all 
members of the Institute of 
Electrical and Electronics 
Engineers, Eric Lerner ex¬ 
plained that experiments 
done so far must be inter¬ 
preted with caution for sev¬ 
eral reasons. For one thing, 
in the US most experiments 
are performed at 27.12, 915, 
and 2450 MHz —not be¬ 
cause there is anything spe¬ 
cial about these frequencies 
biologically speaking, but 
because they are the ones 
assigned to medical, scien¬ 
tific, and industrial uses. Ef¬ 
fects observed at these 
frequencies are not neces¬ 
sarily produced at different 
frequencies. He also noted 
that many experiments are 
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Fig 1. Limits for exposure to EM fields. Adapted from Lemer, 
E. ]., “7he Drive to Regulate Electromagnetic Fields," I E E E. 
Spectrum, March, 1984, pp. 6 3-70. 


performed in test tubes, not 
in living creatures: Test-tube 
results are not necessarily 
seen in live animals. 

Lerner reports that the 
most significant experimen¬ 
tal finding to date suggests 
that microwaves can some¬ 
times induce genetic dam¬ 
age in live animals. In one 
experiment, there was signif¬ 
icant harm to sperm cells of 
male mice exposed to mi¬ 
crowaves of 0.915. 2.45, and 
9.4 GHz, and a consequent 
decrease in their fertility. 
More miscarriages than nor¬ 
mal were recorded among 
their mates, and a notable 
increase in genetic disorders 
occurred among the baby 
mice that did survive. At 27 
MHz no such changes were 
observed. 

Microwave-induced ge¬ 
netic damage was also doc¬ 
umented in experiments 
using insect larvae. Whether 
these observations have any 
implications whatever for 
human beings is anyone's 
guess. 

Current Safety Standards 

Fundamental lack of 
knowledge about the bio¬ 
logical effects of EM radia¬ 
tion on humans is reflected 
both in an absence of uni¬ 
form, enforceable regula¬ 
tions within the United 
States and by the diversity 
of standards internationally. 
The American National 
Standards Institute (ANSI) 
has recommended stan¬ 
dards for EM emissions from 
electronic equipment at var¬ 
ious wavelengths. However, 
whether manufacturers ad¬ 
here to these standards is 
purely voluntary, and no 
agency monitors or keeps 
records of compliance with 
the ANSI specifications. 

The ANSI standards are 
not the most stringent ones 
in the world. As seen in Fig. 
1, at all frequencies the 
ANSI-recommended limits 
for exposure are much less 
strict than limits set in China 
and the Soviet Union, for ex¬ 
ample. 

Within the United States, 


some regional governments 
are starting to move inde¬ 
pendently to establish their 
own safety guidelines. At 
the time of writing this arti¬ 
cle, the state of Massachu¬ 
setts and the city of 
Portland, Oregon, have pro¬ 
posed standards for the gen¬ 
eral population that are five 
times stricter than the ones 
suggested by ANSI. 

The Environmental Pro¬ 
tection Agency is now work¬ 
ing on a proposed standard 
for nonionizing EM radia¬ 
tion, but it will be several 
years, at the earliest, before 
this becomes federal law ap¬ 
plicable to all national gov¬ 
ernment agencies. 

While the public and con¬ 
sumers of electronic devices 
may soon be covered in 
some American jurisdic¬ 
tions, occupational expo¬ 
sures are generally not 
included in anyone's recom¬ 
mendations. As shown in 
Fig. 1, workers who use rf 
equipment to heat and 
thereby seal plastic packag¬ 
ing are exposed to levels of 
rf far exceeding the ANSI 
recommendations. Many 
broadcasters work in envi¬ 
ronments heavily polluted 
with rf that exceeds the 
"safe" limits as well. 

Of interest to radio ama¬ 
teurs who enjoy mobile op¬ 
eration, frequent operators 
of mobile transmitters have 
some of the highest non-oc- 


cupational exposure to rf 
fields, coming very near to 
the recommended "safe" 
limits. 

Practical Suggestions 

Should we all rush to put 
our rigs up for sale on the 
next swap net and find a 
safer hobby? Of course not 
Life is full of calculated 
risks. We accept the chance 
of an accident whenever we 
cross the street or get behind 
the wheel of a car. It is 
highly probable that the EM 
radiation from ham-radio 
gear is an insignificant 
health hazard compared to 
cigarette smoking—a habit 
that many amateurs em¬ 
brace despite its proved and 
well-publicized dangers. 
There are many pastimes a 
lot more dangerous than 
ham radio: skydiving and 
scuba diving, for instance. 

There are, however, a 
couple of logical and per¬ 
fectly acceptable precau¬ 
tions that a radio amateur 
can take in response to the 
present state of uncertainty 
about the biological effects 
of EM radiation. 

We already know many 
good reasons to avoid un¬ 
necessary, habitual QRO 
operation. For one thing, it is 
illegal here in VE-land, 
where regulations require ra¬ 
dio amateurs to use the min¬ 
imum necessary power 
during a QSO. Running 


QRO while chewing the rag 
with someone in the neigh¬ 
boring state clutters up the 
HF bands with pointless 
QRM and is therefore dis¬ 
courteous to other amateurs 
even half a world away. 

High power also tends to 
aggravate TVI problems. 
Leaving a mobile 2-meter rig 
stuck on the HI power posi¬ 
tion when LO would do the 
job is rude because it is 
sometimes bothersome to 
other drivers' cheap car ra¬ 
dios; running hot all the time 
gives the mobile transceiver 
itself a beating. It is just pos¬ 
sible that wasteful QRO is 
also detrimental to the long¬ 
term health of the thought¬ 
less operator, by exposing 
him or her to unnecessarily 
high doses of rf 

YL operators will be inter¬ 
ested to know that there is 
no proven association be¬ 
tween miscarriages or birth 
defects and low-level EM ra¬ 
diation, and that many sci¬ 
entists feel there is unlikely 
to be a connection. On the 
other hand, neither has ab¬ 
solute safety been proven. 
Logic suggests that women 
who are worried enough 
about extraneous EM radia¬ 
tion to avoid using visual dis- 
play terminals at work 
during their pregnancies 
would probably want to 
avoid operating or going 
near ham stations too—at 
least during the first three 
months, when the fetus is 
most susceptible to hazard¬ 
ous, outside influences. 
Even if future research 
proves this precaution un¬ 
necessary, it would remove 
a source of anxiety now, 
when no answers are known 
with certainty. 

The more time a ham 
spends in the shack, the 
more rf he or she is exposed 
to. Since long-term exposure 
over many years may be the 
greatest concern, it is prob¬ 
ably fortunate that most 
younger operators have to 
work or go to school: Young 
people, who have the great¬ 
est number of years of ex¬ 
posure ahead of them, also 
have less spare time to in- 
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dulge in their hobby than do 
their ham friends who are 
enjoying amateur radio in 
their retirement. Older hams 
likely have less to worry 
about and may derive com¬ 
fort from the case of the 90- 
year-old man who has en¬ 
joyed booze and cigarettes 
ever since he was a youth of 
16. If he has survived his bad 
habits this long, there's little 
reason why he should sud¬ 
denly quit now! 

The Jury is Still Out 

The bottom line is that we 
have no final answers, yet. 
The long-term effects of 
above-average, though still 
relatively low, levels of rf ra¬ 
diation and microwaves on 
humans are largely un¬ 
known, though they are the 
subject of increasing scien¬ 
tific investigation. To date, 
no one has proven defini¬ 
tively that a health hazard 
from low-intensity EM fields 
actually exists. 

On the other hand, there 
is now some reason to sus¬ 


pect, particularly in view of 
animal experiments, that 
there could be at least a the¬ 
oretical basis for concern. 
Most important in view of 
these theoretical worries: 
No one has yet proven that 
the above-average expo¬ 
sures incurred by ham-radio 
operators are harmless—no 
comprehensive survey of 
any kind has ever been car¬ 
ried out to compare the 
health of radio amateurs to 
the health of nonhams. 

In the light of the practi¬ 
cal experience of many 
thousands of radio amateurs 
over the years, it seems im¬ 
probable that the dangers of 
running a ham station are 
really very great at all. How¬ 
ever, in the absence of com¬ 
prehensive scientific data, 
assumptions based on com¬ 
mon sense, our personal ex¬ 
perience, and what seems 
intuitively obvious can be 
misleading. In the 1950s, 
military "experts" told us 
that above-ground nuclear 
testing was safe, just be¬ 


cause soldiers who wit¬ 
nessed these events weren't 
dropping dead immediately 
after a blast. Tragically, we 
now realize that it has taken 
two or three decades for 
some victims of nuclear fall¬ 
out to manifest the deadly 
cancers that the original ra¬ 
diation started, years ago. 

It would be alarmist and 
irresponsible to suggest that 
the emissions from ham-ra¬ 
dio transmitters are any¬ 
where near as noxious as 
nuclear explosions! But 
even though the scientific 
jury is still debating its ver¬ 
dict on this issue, we would 
be well-advised to consider 
that evaluating a potential 
health hazard is not like con¬ 
ducting a trial in a court¬ 
room: Where health is con¬ 
cerned, it is bad policy to 
presume a potentially harm¬ 
ful agent innocent until 
proven guilty, because we 
don't get to appeal the sen¬ 
tence of sickness that nature 
may impose on us if we 
guess wrong. 


Given so much uncer¬ 
tainty about the biological 
effects of long-term expo¬ 
sure to the frequencies we 
use in amateur radio, it 
makes good sense for all us 
hams to take a few simple 
precautions that scarcely 
jeopardize our enjoyment of 
our hobby. Who knows? It 
might even clear up some of 
the QRM on 20 meters!■ 

Further Reading 

Lerner, E. J., “The Drive to Reg¬ 
ulate Electromagnetic Fields," 
I.E.E.E. Spectrum, March, 1984, 
pp. 63-70. 

Lerner, E. J., “Biological Ef¬ 
fects of Electromagnetic 
Fields," I.E.E.E. Spectrum, May, 
1984, pp. 57-69. 

Editor's Note: VE3KSP is a 
medical doctor, Assistant 
Professor of Preventive 
Medicine and Biostatistics 
at the University of Toronto, 
and a partner in Clinicom 
Computing Services Inter¬ 
national, Inc., of Winnipeg, 
Manitoba, and Toronto, On¬ 
tario, Canada. 


ALL MODE MOBILE TELEPHONE INTERFACE 
Automatic Vox Phone Patch System 



OPTIONAL: 

DTMF TELEPHONE 
TYPE SPEAKER/ 
MICROPHONE 


HOTLINE-007 is a fully automatic simplex telephone interconnect. Operates through any base transceiver with FM-AM- 
Squelched SideBand mode. No modifications to the transceiver, just connect to the external speaker, microphone and phone line. 
VOX operation both transmit and receive. Selectable tone or rotary dialing. Repeater pickup operational also. 


* Programmable access code 

* Adjustable VOX both transceiver 
and phone line. 

* Will not transmit when frequency 
is busy, 7 second clear time 


* Programmable CW ID 

* Adjustable microphone 
and line gain 

* Microphone jack for 
base operation 


* 3 or 12 minute timer 

* Dial restrict switch 

* Ringback (reverse patch) 

* Accepts speed dialing 

* Operates on 115/220 VAC, 12VDC 


NO EXTRAS TO PURCHASE FOR OPERATION, TRANSCEIVER AND PHONE LINE CONNECT TIME 30 MINUTES. 


INI.C.G, CO. 

EXCLUSIVE IMPORT DISTRIBUTOR 

1275 N. Grove Street 
Anaheim. California 92806 



NOTE: Prices and specifications subject to change 
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Robert Roebrig K9EUI 
314 S. Harrison Street 
Batavia IL 60510 


AFSK, And Ye Shall Transceive 

A sine from heaven is what you'll get 
when you build theAFSK-1020. 


T his article describes a 
crystal-controlled, syn¬ 
thesized AFSK oscillator for 
generating RTTY tones. 
There have been other arti¬ 
cles on AFSK oscillators, but 
the crystal-controlled ones 
usually use an odd crystal 
that must be special or¬ 
dered. The AFSK-1020 (170 
plus 850 shift) is designed to 
use a standard source fre¬ 
quency of 1, 2, 4, or 8 MHz 
that can be derived from an 
on-board oscillator or taken 


from your microprocessor, 
frequency counter, or what¬ 
ever other standard frequen¬ 
cy source you may have in 
the shack. By selecting the 
type of divider 1C used, you 
can also clock the unit from 
a 5-, 6-. 10-, or 12-MHz 
source. 

The slight disadvantage 
with using a 1-MHz refer¬ 
ence frequency rather than 
1606 5 kHz is that the tones 
will not be exactly right on 
frequency, but they will be 


within 3 Hz, which is accu¬ 
rate enough for any appli¬ 
cation. 

The AFSK-1020 will ac¬ 
cept current-loop, TTL, or 
RS-232 inputs for the data 
signal. A down-shifted CW- 
ID input is provided and can 
be operated by either a con¬ 
tact closure (key) or a TTL 
device. 

The output signal is a 
clean sine wave. This is ob¬ 
tained by running the square- 
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wave output of the last di¬ 
vider through a pi-network 
filter. The tone levels are 
within 1 dB of each other. 
The output impedance is ca¬ 
pable of feeding either high- 
impedance or 500-Ohm in¬ 
puts. If a transmitter with a 
carbon-mike-type input is to 
be used, the output cou¬ 
pling capacitor should be in¬ 
creased to 10 uF, observing 
proper polarity. You can 
eliminate the 88-mH induc¬ 
tor and ,04-uF capacitor for 
use with FM rigs where a 
clean sine wave is not of ut¬ 
most importance. The re¬ 
maining components will 
round off the square wave 
and reduce the harmonic 
content, but the filter as 
shown should be used if you 
are going to use this with 
an SSB rig. On FM it is best 
to reduce the oscillator lev¬ 
el so that the signal is not 
clipped in the transmitter's 
audio system. A peak devia¬ 
tion of 3 kHz is ideal. In 
most cases an output level 
of about 25 mV rms is a 
good starting point. 

The 1-MHz reference sig¬ 
nal feeds a string of three 
programmable dividers: IC3, 
IC4, and IC5. The output of 
the last programmable di¬ 
vider, IC5, connects to the 
load input of all the dividers. 
This same output also con¬ 
nects to a D-type flip-flop, 
IC6. The purpose of this di¬ 
vide-by-two stage is to con¬ 
vert the narrow load pulse 
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Parts List 


[WE5TECH 


ELECTRONICS 


IC5 IC4 IC3 
Divide by 
4 6 7 

1269.0 3 9 4 

2024.2 2 4 7 

2222.2 2 2 5 

Fig, 2. Divide figures for mo¬ 
dem tones. 

to a symmetrical square 
wave. 

The binary inputs of the 
dividers are taken high by 
sections of IC1 and IC2 to 
obtain the desired divide 
ratios. 

If you use a 1-MHz source, 
connect it to the input of 
IC3. A 2-MHz source would 
be connected to the other 
half of IC6, and the output 
of IC6 would connect to IC3. 
IC7 is another dual flip-flop 
which is used if the frequen¬ 
cy source is 4 or 8 MHz. If 
you want to use 5 or 10 
MHz, use a 7490 ahead of 
IC3. For 12 or 6 MHz, substi¬ 
tute a 7492. (The one half of 
IC6 is always used to divide 
the output by 2.) 

IC1D and E are used as a 
simple but reliable oscil¬ 
lator circuit which will work 
with crystals in the l-to-20- 
MHz range. If you want to 
use the built-in oscillator 
and have to purchase a crys¬ 
tal, specify a fundamental, 
parallel-mode, 32-pF-load, 
room-temperature crystal. 
You will find that 4- or 8- 
MHz crystals are usually 
$1.50 cheaper than a 1- or 
2-MHz one. The additional 
7474 1C needed costs less 
than that. 

IC8 is representative of 
several optoisolators. It 
would be used for connect¬ 
ing the AFSK-1020 to a cur¬ 
rent loop and may be elim¬ 
inated if you don't need it. 
The ISO OUT terminal 
would be connected to the 
RS-232 input if IC8 is used. 
The 1N4000 diode protects 
IC8 from spikes and inadver¬ 
tent polarity reversals in the 
loop. 

The RTTY rules have been 
changed recently so that 
CW ID is no longer needed 
for Baudot or ASCII trans¬ 
missions. If you send long 
You Buy, Say 73" 


1 27 pF Cl 

2 .001 uF C2, 3 

1 .04 uF C4 

1 .22 uF C5 

1 10 uF, 25 V C6 

1 .5 uF C7 

7 .1 uF C8-14 

1 1N4000 CR1 

1 1N914 CR2 

1 7400 IC2 

1 7404 IC1 

3 74192 IC3-5 

2 7474 IC6,7 

1 4N35 IC8* 

1 47 Ohms, 1W R15 

2 680 Ohms R1,2 

1 100 Ohms R3 

4 Ik R4-7 

1 2.7k R8 

4 4.7k R9-12 

1 100k R13 

1 500-Ohm pot R14 

1 88 mH LI 

1 2N3904 Q1 

1 SPDT switch SI 


Crystal: 4 or 8 MHz, room temper¬ 
ature, parallel mode, 32-pF load, 
HC-33 or HC-18 holder (micropro¬ 
cessor line crystals), available 
from Jan Crystals for about $3.00. 
* or equivalent: ECG-3041. 

text or pictures, the ID is still 
handy so that the copy 
won't have printed callsigns 
in it. The best ID is one that 
shifts lower than the mark 
frequency rather than up to¬ 
wards space, as many do. 
This prevents the receiving 
machine from seeing the 
"key down" tone as a space. 
In this unit, the ID tone fre¬ 
quency is 2040.8 Hz. 

As mentioned earlier, the 
derived tones are slightly off 
from the standard tone fre¬ 
quencies, but they are so 
close it does not matter. 
Mark is 2127 6 Hz, narrow- 
shift space is 2293.5 Hz, and 
wide-shift space is 2976.1 
Hz. 

This circuit can also be 
used to construct the modu¬ 
lator portion of a data mo¬ 
dem Fig 2 shows the divide- 
by-n figures needed to obtain 
the originate- and answer- 
tone pairs used for 103 com¬ 
patible systems. I leave it to 
you to figure out the con¬ 
nections to the divider's pro¬ 
gramming leads. H 


TOP RATED 

RTTY EQUIPMENT 

(GREAT FOR SSB & CW TOO!) 



AEA • ASTRON • BENCHER • BUTTERNUT CUSHCRAfT 
DAIWA • HYGAIN • POOM • KENWOOD • NYE • TENTEC 
V1BROPLEX 


order HOURS WESTECH ELECTRONICS 

Mon.&Thur. 10-8 RTE. 286—Presque Isle Plaza 

Tubs. & Wed. 10-6 Pittsburgh, PA 15239 

Frl.&Sat. 10-4 (412)733 . 1555 


FAST CHARGER 

for Kenwood TH21, TH31, TH41 
HANDHELD 

2-METER TRANSCEIVERS 

INTRODUCTORY 

$ 44. 96 


Features: 

• Charges in 15 minutes 

• Constant Current 

• Automatic Voltage cut-off 

• Battery doesn't heat-up 

• 12v-14vdc input. 

• Charge from any point in discharge cycle 
without developing “memory” 

• Proven in daily use 

Charge-Rite 

F.O. Box 17015 
Plantation, Florida 33318 
305-475-0545 
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Through the Looking Glass 

If you could peek ataR TTY signal through magic audio glasses 
what would you see? You'll f ind out with KN4L's Apple opus , 
a program that whispers , "Run me." 


Scott D. Schram KN4L 
225 La Prado Place 
Homewood AL 35209 


A s I was trying to learn 
more about RTTY, I felt 
that "book knowledge" of 
the subject wasn't going to 
be enough. I wanted to actu¬ 


al ly see the marks and 
spaces that were being sent. 
That’s why I wrote this pro¬ 
gram. 

This program for the Ap¬ 
ple II or Apple lie requires 
input from a RTTY terminal 
unit (TU). The TU should 
output TTL-compatible volt¬ 
ages: high (5 volts) for mark 
and low (0 volts) for space. 
Attach the TTL output of the 


TU to pin 2 (Switch 0 input) lar RTTY programs for the 
of the Apple game connec- Apple, 
tor. This is the same connec- Sample outputs from the 
tion used for several popu- program are shown in Figs. 1 





Listing 1. RTTYWAVE source code. 
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Listing 2. Basic display program. 















Fig. 7. Output for a 60-wpm received signal. 


Fig. 2. Output for a 100-wpm received signal. 


and 2. There are eight lines 
of mark/space shown, with 
short hash marks above 
each line. Note that each 
line repeats a little of the 
previous line's data to allow 
easier analysis. (If you don't 
like this feature, change line 
140 to FOR X=(J TO 255.) 
The hash marks are about 20 
microseconds apart. The en¬ 
tire 8 lines represent 4 sec¬ 
onds of received signal. 

This program presents in¬ 
teresting analysis possibili¬ 
ties. Fig. 1 is the output from 
a 60-wpm-Baudot received 
signal. The shortest mark 
and space lines are the data 
bits which are about 22 ms 
long. This is about what we 
would expect for a 60-wpm 
signal. Notice the glitch in 
the lower right-hand cor¬ 
ner of Fig. 1. This error was 
caused by a static crash dis¬ 
torting a weak signal. You 
see, it is much too short in 
duration to be a data pulse. 
This might have caused an 
error in printout. 

The 100-wpm-Baudot sig¬ 
nal was from a very strong 
station, and I see no glitches 
in the copy. Note that the 
shortest data bit is about 14 
ms, which is about right. 
This suggests that a good 
use for the program would 
be determining the speed 

Address 


(and code type) of an un¬ 
known RTTY broadcast 

Type in the Applesoft Ba¬ 
sic program and save it to 
disk. The machine-language 
portion should be typed into 
a good assembler and as¬ 
sembled. (I use Merlin from 
Southwestern Data Systems 
or the assembler that comes 
on Apple's DOS Toolkit pack¬ 
age There are many other 
excellent ones available.) 
After assembly. BSAVE the 
code to disk under the name 
RTTYWAVE.OBJ. The Ap¬ 
plesoft program loads it in 
automatically. If you don't 
have an assembler, type in 
the bytes from my listing 
and BSAVE it (BSAVE RTTY¬ 
WAVE.OBJ , A$30 Q , L$2 D). 

To start the program, just 
run the Basic program. The 
Basic program loads the ma¬ 
chine-language part. You will 
then be presented with the 
title page and the prompt, 
"PRESS RETURN TO BECIN 
READING:". Tune in the 
RTTY signal until your ter¬ 
minal unit shows proper re¬ 
ception, then press return. 

Data will be read in for 
about eight seconds. A little 
indicator will flash in the up¬ 
per-left corner of the screen 
to keep you from dozing off. 
Also, the Apple's speaker 
will click once per second. 


Then the program will dis¬ 
play the first screen of the 
waveform. Press return to 
see the second screen. The 
display portion is a little slow, 
but this can be improved by 
compiling the Basic part us¬ 
ing any of the commercial ly- 
available Applesoft compil¬ 
ers. If you compile it, please 
observe the memory usage 
shown in Fig. 3. 

After viewing both screens, 
you may read in more data 
or exit the program 


I hope this program bene 
fits you. It should be a chal¬ 
lenge to figure out the codes 
that some stations are using. 
(It is quite a challenge just to 
read the normal Baudot 
code by eye!) Perhaps you 
could extend this program 
to determine automatically 
the speed and code used by 
an unknown RTTY station. 
That should keep you busy. 

I welcome your com¬ 
ments. If you wish a reply, 
please include an SASE.il 


$0006 TO $0007 
$0300 TO $032C 
$2000 TO $3FFF 
$4000 TO $4FFF 
All other addresses 


Purpose 

Buffer index 
Machine code 
High-resolution screen 
RTTY data buffer 

ire as the Apple normally uses them. 


Fig. 3, Memory-usage table. 
"When You Buy, Say 73" 


HI-TECH MODULES 


DIGITAL FREQUENCY SYNTHESIZER 
PHASE LOCK LOOP HFO 



FEATURES: 

1) 5.0 TO 5.5 MHz TUNING RANGE 

2) 100 Hz STEPS 

3) STD BUS PLUG BOARD FORMAT 
< 6 x 4.5, 56 PIN EDGE FINGERS ) 

4) 3.0 Vp-p OUTPUT INTO A 50 OHM LOAD 
MODEL DFS-1 

WIRED & TESTED S 98.00 

NYS ADDRESSES ADD 7.5% 

OTHER MODULES AVAILABLE CALL OR WRITE; 

Electronic Systems Consultants, Inc. 

P.O. Box 1105. Smithtown, N.Y. 11787 (516) 361-8142 
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Perfection Plus 

It's not often a prize-winning package can be improved. 
Here's a new look for a popular R TTY tuner. 


lack Miller W1PDI 
51 Skyview Circle 
Hamden CT 06514 


I n the March, 1983, issue 
of 73, John Langner 
WB20SZ offered an article 
and description of his RTTY 
tuner which won 1 st place in 
73's Home-Brew II Contest. 
It's not at all surprising that 


this unit won, as it is an ex¬ 
cellent RTTY tuning device 
and makes tuning in a RTTY 
signal as easy as tuning an 
FM receiver with a tuning me¬ 
ter, as stated in the article. 

I decided to give it a try. 
The idea of having an LED 
display seemed better than 
fussing with a dual ellipse 
on a scope or trying to tune 
a signal with the blinking 
LED on my TU. This LED 
seems to blink on almost 


Photos by Tom Miller WA1GLS and Jeff Miller 



Photo A. Completed unit on top of monitor in my shack. 
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any kind of signal within the 
bandpass, and trial and error 
becomes necessary before 
you tune in the right blink. 

In his design, John used 
two Radio Shack MV57164 
bar-graph displays for 20 au¬ 
dio frequencies (1530 Hz 
through 3003 Hz). Each bar 
graph has 10 miniature LED 
segments. The mark and 
space frequencies between 
2113 Hz and 2309 Hz are in 
the center of the display. 
This miniature bar-graph ar¬ 


rangement would be ideal if 
you wanted to build it into 
the front panel of your TU. I 
decided to avoid cutting in¬ 
to my MVD-1000, as home¬ 
made modifications to com¬ 
mercial gear have a definite 
tendency to reduce its re¬ 
sale value. Building the unit 
in a separate enclosure with 
power supplies and separate 
LEDs seemed a better idea 
to me. 

I used a plastic enclosure 
manufactured by Pac Tec 
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Fig. 1. Main and auxiliary circuit hoards showing 1C arrange¬ 
ment 







Photo B. Shows inside layout of components. Main circuit 
board on left with Flesher PS-170 bandpass filter mounted 
above it. Power-supply assembly is on the right with T2 in the 
center. The 12-volt regulator transistor is on the heat sink be¬ 
low. T1 is at the rear next to the fuse holder. LED arrangement 
is shown in front with leads running to the driver perfboard 
assembly mounted in front of the main circuit board. 


Corporation,' Model C-23K. 
These enclosures are avail¬ 
able in a variety of dimen¬ 
sions and colors, even with a 
carrying handle and stand if 
you choose. Many manufac¬ 
turers of digital test equip¬ 
ment use this type of enclo¬ 
sure as it offers great flexi¬ 
bility and neat appearance. 
The dimensions of the Mod¬ 
el C-23K are approximately 
BVi" wide by 9V4" deep, 
with expandable front and 
rear panel heights. The front 
and rear panels have three 
indentations along their 
length on the back side for 
trimming. Score with a sharp 
knife blade along the inden¬ 
tation you select, and then 
snap it off. I trimmed the 
front panel 2-5/8” high, and 
the rear panel 2-1/8”. 

There are plenty of mount¬ 
ing studs on the inside for 
mounting almost any shape 
perfboard or component 
needed. Those studs that are 
not needed or are in the way 
of mounting can be snapped 
off easily with a pair of 
pliers. 

Since I had ample panel 
space, I decided not to use 
the Radio Shack bar-graph 
units. Instead, I used twenty 
separate LEDs manufac¬ 
tured by Linrose Company/' 
These LEDs are rated at 5 
volts and have a built-in 
loading resistor, so that the 
82-Ohm R-10 in the original 
tuner is not used. The pack¬ 
aged LEDs also have the lit¬ 
tle fiber mounting flange 
which holds the LEDs when 
they are snapped into a 1/4" 
mounting hole. This sepa¬ 
rate LED arrangement makes 
the complete display larger 
and easier to see than the 
bar-graph arrangements. 

As shown in Fig. 4, the 
LEDs are mounted in 1/4” 
holes in a straight line across 
the front panel on 3/8” cen¬ 
ters. The eight LEDs in the 
middle between the mark 
and space frequencies are 
red, and the six on each side 
are amber The LED in the 
upper right comer is a green 
pilot. The on/off switch is 
mounted in the lower left 
corner 


The ac cord and fuse hold¬ 
er and a parallel phono-type 
input-plug assembly for the 
receiver output and TU in¬ 
put are on the rear panel. 
The rear panel height is cut 
approximately Vi" shorter 
than the front panel to allow 
for ventilation. 

Main Circuit Board 

I used the same circuit 
board and 1C arrangement 
as the author. The circuit 
board is a Radio Shack cata¬ 
log #276-1551. It is a 4V4" 
X 4” polyglass plug-in-type 
card with 1/16" grids. I did 
not use an edge socket, but 
soldered the power-supply 
wires directly to the edge 
connector. 

There are also 2 bus runs 
around the edges, which 
make it convenient for sup¬ 
plying the plus and minus 5 
volts to the ICs without run¬ 
ning long wires to a single in¬ 
put point. The best feature is 
its cost, $3.69, which is far 
lower than the price I have 
seen for other boards of this 
type. 

I mounted nine ICs and 
other components on this 
board. The three decoder- 
driver ICs are mounted on a 
smaller auxiliary board (Fig. 
5(b)). The 1C socket loca¬ 
tions are shown in Fig. 1. If 
desired, you can mount all 
of the ICs and components 
on a single larger board, as 
there is ample room inside 
the enclosure to do so. 


Wiring 

Use point-to-point wiring 
with single-strand insulated 
wire I used the same gauge 
wire as Ma Bell uses in her 
multi-conductor phone cable. 

This schematic, as shown 
in the original article, is cor¬ 
rect. If you follow it exactly, 
the unit should work the first 
time. When wiring, I kept 
the wire lengths as short as 
possible without letting the 
wire pile up too much over 
the sockets When neces¬ 
sary, a graceful loop around 
the socket is better than go¬ 
ing directly across and piling 
up. Be sure to determine 


the location of the mount¬ 
ing holes in the component 
board first. Keep your wiring 
clear of the holes so it won't 
be pinched or broken when 
mounting the board to the 
enclosure mounting studs. 

A note of advice: It's a 
good idea to stop and check 
your wiring after making 
four or five connections. 
You'll be surprised when 
what you thought was a cor¬ 
rect connection actually is 
not. While this wiring proj¬ 
ect is not very difficult for 
the experienced builder, it 
can be tiring on the eyes, 
and mistakes are made easi- 



F/g. 2. Power supplies. 

73 for Radio Amateurs • June, 1985 37 






Photo C. Rear view of front panel showing LED arrangement 

on front panel. Photo D. The improved RTTY tuning aid. 


ly when you are tired. Stop 
and check your connections 
frequently and when you're 
tired, stop —period. Then 
pick it up tomorrow. 

Power Supplies 

To power the unit, 1 need¬ 
ed regulated voltages of + 5, 
+12. and —12. Fig. 2 shows 
the 5- and 12-volt power sup¬ 
plies. The 5-volt supply is 
from the Archer Engineers 
Notebook, 1980 edition. 
Parts are readily available. If 
there is a Radio Shack store 
in your area, they're all 
available there. As shown in 
Photo B, all power-supply 
components except T1 are 
mounted on a separate perf- 
board. T1 is bolted directly 
to the bottom of the plastic 
enclosure near the rear pan¬ 
el, next to the fuse holder. 


Both regulator transistors 
should have heat sinks. The 
5-volt regulator dissipates 
more heat than I anticipat¬ 
ed, so I had to add on a fan¬ 
cy heat-sink arrangement us¬ 
ing quarter-inch aluminum 
brackets fastened together 
over and under the regulator 

You might prefer to build 
the 5-volt regulator assem¬ 
bly on a 1/4''-thick piece of 
aluminum with the 7805 reg¬ 
ulator bolted to it for better 
heat dissipation. In either 
case, be sure to drill several 
small holes through the bot¬ 
tom of the enclosure direct¬ 
ly beneath the regulator as¬ 
sembly for air-flow venti¬ 
lation 

Bandpass Filter 

WB20SZ, in his article, 
discusses the use of a band¬ 



Fig. 3. Block diagram. 
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pass filter in conjunction 
with this unit. Indeed, if you 
are driving the tuner directly 
from the voice coil of your 
receiver, which has no audio 
filtering for RTTY, then a fil¬ 
ter is desirable. I use a Ken¬ 
wood TS-520SE transceiver 
which has no filtering of any 
kind for RTTY. The tuner 
works very well connected 
without a filter, but all the 
noise and QRM show up by 
the amber LEDs being lit 
up as well as the red ones. 
Ideally, only the red LEDs 
should light when tuning in 
a strong RTTY signal. 

I purchased the Flesher 
Corporation* P-170 Prese¬ 
lector Kit. This kit, which 
can be powered by plus or 
minus 12 volts, contains a 
small perfboard, three ICs, 
and a variety of resistors and 
capacitors. Assembly is easy. 
The manufacturer supplies 
several "tuning" resistors, 
which are temporarily tack- 
soldered across each of four 
circuits until the proper re¬ 
sistor is found for each out¬ 
put at frequencies of 2420, 
2000, 2320, and 2100 Hz. 

Instead of using this hunt- 


and-peck method, I soldered 
in four 10k trimpots, adjust¬ 
ed each for peak output as 
instructed, and left them in 
the circuit. Works great! I 
also used 1C sockets rather 
than soldering the ICs di¬ 
rectly to the board. 

The manufacturer's specs 
state a frequency response 
of ± 'A dB from 2055 to 
2365 Hz, -3 dB cutoff from 
2025 to 2400 Hz, and -20 
dB cutoff from 1900 to 2550 
Hz. 

This filter made a great 
difference in the display. A 
strong RTTY signal lit up on¬ 
ly the red LEDs between the 
space and mark frequencies 
(2125 and 2295 Hz). 

1C Layout 

Figs. 5(a) and 5{b) show a 
top view of the 1C sockets 
with voltage readings for 
troubleshooting. Do not take 
these voltage readings as 
"gospel," as I took them at 
random, jotting them down 
as I made various tests and 
transferring them from scrib- 
blings to some form of logic 
(I think) 

A couple of the ICs were 



Fig. 4. Front-panel layout. 






Fig. 5(a). Dc voltage readings. 



Fig. 5(b). Decoder-driver 1Cs on auxiliary board. 


not readily available from which are readily available 
local suppliers or in the usu- at a slightly higher price, 
al catalogs. IC2 (74221) and Also, SK3595 can be sub- 
IC7 (74273) are not listed, stituted for the NE565 (IC1). 
You can substitute RCA These are Schottky ICs 
SK74LS221 and SK74LS273, which, according to the 


Parts List 

DPDT toggle switch 

2-A 3AG fuse and holder 

T1 transformer, 12 V, 1.2 A 

(Radio Shack 273-1505) 

T2 transformer, 12 V, 300 mA 

(Radio Shack 272-1358) 

Bridge rectifier, 12 V 

1000-uF, 16-V caps (five) 

(Radio Shack 276-1171) 

7805 5-V regulator 

(Radio Shack 276-1770) 

7812 12-V regulator 
,1-uF, 12-V capacitor 

1-uF, 16-V capacitor 

100 piv diodes (two) 

12-V zener diode 

Ik resistor, Vi W 

12-V green LED 

18-Ohm resistor, 1 W 

4.7k resistor, Vi W 

(Radio Shack 276-1771) 



specs I've seen, are a more 
sensitive device drawing sig¬ 
nificantly less current, and 
so, perhaps, are worth the 
extra cost. 

Be sure to use plenty of 
.01 bypass caps to ground. 
Bypass all power-supply volt¬ 
age leads where they leave 
and enter each circuit board; 
also on the 1C sockets at the 
+ 5-volt pins. These reduce 
the spikes which occur when 
the LEDs are turned on and 
off 

Use and Conclusion 

After completing every¬ 
thing except installing the 
bypass filter, I connected 
the unit to the output of my 
receiver audio and the input 
of the TU, plugged in the ac 
cord, and turned it on. The 
first thing I noticed was that 
there was no smoke: Good 
beginning! There was no 
LED display either until I ad¬ 
justed R3 on the main circuit 
board. Then I saw some ac¬ 
tion on the LED display (ran¬ 
dom flashes). As I tuned the 
receiver through various sig¬ 
nals and noise, the display 
indicated what I tuned in by 
random flashes across the 


entire panel. Then, as I tuned 
in a RTTY signal, the LEDs lit 
up like the traveling light 
display on an old movie 
theatre marquee, starting 
with the first amber LEDs, 
"walking" through the red, 
and out the other side of the 
amber set 

Retuning the receiver so 
that only the red LEDs were 
flashing produced a perfect 
copy on my TU. Works ev¬ 
ery time! You can tune in a 
signal as quick as a flash 
(pardon the pun). 

Since my Kenwood has 
no filtering, and unless the 
RTTY signal is a strong one, 
the amber LEDs flash as well 
as the red, indicating QRM 
and noise displayed. Install¬ 
ing the bandpass filter, as 
suggested by WB20SZ, takes 
care of this condition very 
nicely. The filter not only re¬ 
duces the noise display, but 
makes the unit much more 
sensitive and the red display 
more positive. 

The only problem I had 
was with an odd audio fre¬ 
quency oscillation which was 
produced when connecting 
the bandpass filter. But by¬ 
passing to ground the 12- 
volt power-supply leads 
with .01 -microfarad caps on 
the filter board (directly 
where they enter) solved this 
problem nicely. 

Even tuning in a weak 
RTTY signal surrounded by 
QRM is easy Just tune be¬ 
tween the mark and space 
and the TU response. 

Try it, you'll like it! Tun¬ 
ing in a RTTY signal is now a 
pleasure instead of a task. It 
works every time and elimi¬ 
nates a good deal of missed 
copyJI 

References 

1. Pac Tec Corporation, Phila¬ 
delphia PA 19153. Available 
from Hatry Electronics, 610 Bou¬ 
levard, New Haven CT 06517. 

2. Unrose Company (B4302H3— 
Amber, B4304H1—Red). Avail¬ 
able from Hatry Electronics. 

3. Flesher Corporation, PO Box 
976, Topeka KS 66601. Manufac¬ 
turer states that PS-170 kit is 
currently limited to available 
stock at $15.95; PS-170A is the 
current version at $29.95. 
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Rick Bates WA6NHC 
345 S McDowell Blvd 
Suite 219 

Petaluma CA 94952 


Speak-No-Evil RTTY 

This tiny routine is all you need to transform 
your Heath H-8 into a R TTY receiving demon! 


I f you ever wanted a short, 
receive-only (RO) RTTY 
program for your home 
computer or you just want¬ 
ed to see what RTTY was all 
about then this is for you. 

By using Microsoft™ Ba¬ 
sic (the most common Ba¬ 
sic in home computers to¬ 
day) and a terminal unit 
(TU), copying RTTY is really 
very simple. I have a Heath 
H-8™ computer and the 


H-19™ terminal. My TU is 
a home-built, phase-locked- 
loop (PLL) type which is ad¬ 
equate for VHF (2-meters) 
RTTY. I have used this 
equipment on RTTY for 
about 5 years with various 
programs including this 
one. The serial card for the 
H-8 (and the H-89™) uses 
an 8250 asynchronous com¬ 
munication element (ACE) 
chip to handle the serial 



Table 1. 



I/O. The 8250 is very simple 
to program and has a wide 
variety of abilities. 

The program listing is 
fairly well documented so 
that other computer owners 
may adapt the main ideas to 
their systems. It may be re¬ 
written so that the input is 
sent to both the display and 
the disk, but the slow speed 
of the operating system 
causes loss of characters 
each time it writes to the 
disk. If the program were in¬ 
terrupt-driven, then perfect 
copy to disk would be pos¬ 
sible. The 8250 ACE chip is 
capable of interrupt opera¬ 
tions, but I just wanted a 
short and simple copy pro¬ 
gram. 

The most common baud 
rate for amateur use of Bau¬ 
dot (Murray) code is 45.45 (60 
wpm). The first step in the 
program is to initialize the 
port (330 octal in this case) 
for that baud rate and then 
set up an array for the prop¬ 
er translation from binary to 
ASCII for the display. 

The next step is to get the 
character from the port and 
to filter the garbage so that 
only the valid characters are 
printed. This is actually 
done by one of the features 
of the ACE chip. If the bits 
from the Line Status Regis¬ 


ter (of the ACE chip) are 
checked before the actual 
input of the character, then 
it is easy to filter out the 
garbage. In this case, we are 
really looking at bits 0 
through 5 of the Line Status 
Register which show that 
the data has been received 
without any errors. 

If there has been an error 
in receiving the data, you 
loop back and ignore the 
character in the port, which 
will be overwritten by in¬ 
coming data. You must 
look at the Data Ready bit 
(bit 0) of the Line Status 
Register each time you are 
ready to input from the port 
or you will get duplicates of 
the last character received 
since the character buffer 
in the ACE chip is not emp¬ 
tied when it is read (but the 
Data Ready bit is zeroed) 
You could also use the Car¬ 
rier Detect line of the ACE 
chip to filter out some gar¬ 
bage. I have my TU hard¬ 
wired so that it will not send 
data to the port unless it 
sees the Carrier Detect bit 
set on the PLL chip. 

The next part of the pro¬ 
gram checks for the FIGS or 
LTRS shift character. If one 
is found, the case label val¬ 
ue will be changed so that 
the character is printed in 
its proper case (letters or 











Program listing. 


figures). If a space charac¬ 
ter is received, then the 
case label value is set for 
lowercase. This feature is 
called "downshift on space" 
and may be deleted if the 
feature is not desired. The 
last function of the program 
prints the translated charac¬ 
ter and loops back for the 
next character. 

The data statements are 
the actual translated char¬ 


acters. Since Baudot/Mur¬ 
ray code is limited to five 
bits in length, if you treat 
the input as ASCII, the char¬ 
acter value is quite low (less 
than 32). If you print the 
character value from the ar¬ 
ray instead of the actual in¬ 
put value, then translation 
takes place. 

While the program may 
not be the most glamorous, 
it does provide an insight in¬ 


1 AMATEUR TELEVISION 

NEW 70 CM ATV TRANCEIVER 

ALL YOU NEED IN ONE BOX 


$299 delivered 
TC70-1 


• FULL COLOR, SOUND, ft LIVE ACTION just like broadcast TV Get on this 

• WHAT IS REQUIRED FOR A COMPLETE OPERATING SYSTEM? The TC70 is 

downconverter outputs to any TV on ch 3 fc 


transmit: Camera, VCR, computer, etc. Plu 


base, mobile, or portable. See chapt. 20 1985 ARRL Handbook. That's it! 

• WHAT CAN YOU DO WITH THE TC70-1 AT 

MV-a]-" i‘[l i*1 LT'rti'll 

audio and video if youhave a TVRO. repeat 

MfiMM 

rescues'. .the Hst fleet on. OX depends o 


($189) watts pep tor greater DX. 

• FEATURES: Small 7x7x2.5*. Push to Look (PTL) T/R switching.^GaAsfet 



CALL OR WRITE FOR OUR CATALOG for more 


TERMS: Visa, MC, or cash only UPS CODs by i 


amateurs, verifiable in 1985 call book or copy c 


(818) 447-4565 m-f 8am-6pm pst. 


P.C. ELECTRONICS 

2522 Paxson Lane 

Tom W60RG Maryann WB6VSS 

Arcadia CA 91006 


to some of the tricks used 
when programming in Basic 
and the use of the 8250 ACE 
chip. Table 1 is added so 
that ASCII RTTY may be 
copied. No translation of 
the character set is needed 
and that program is very 
simple and straightforward. 
Table 2 is for those program¬ 
mers who wish to start off 
with new ideas. 

So, by using Basic, you 


can see that it is very simple 
to write a short routine to 
do almost anything. The 
maximum speed of this pro¬ 
gram is bound only to the 
speed of the Basic and the 
TU filters. Good luck, and 
see you on RTTY! 

Questions will be an¬ 
swered only when an SASE 
is sent with the question. 
You can also find me on 
CompuServe 70370,523. ■ 


We Can’t Keep It 
Under Our Hat... 



So many people have discovered our products 
and publications that we simple can’t hide our 
success any longer. In fact, our commitment to 
quality merchandise and personalized service 
has made us one of the worst-kept secrets in 
communications monitoring. 

Explains Ingrid: 

"/ guess we’re just very 
easy to get to know ..." 

GROVE 

Write to Dept. A (or phone 704-837-9200) 

lor a free catalof and sample issue of 

140 Dog Branch Road, Brasstown, N.C. 28902 
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Walt Becker K1QPS 
Box 201 

New Castle NH 03854 


On the Flip Side 

Here's how to add reverse shift to your Kantronics Interface. 


A fter some years of us- scribed are modifications 
ing a Model 15, a that are needed with certain 
home-brew terminal unit, a makes of transceivers. Then, 
tape distributor, and a Swan on page 18, appears the usu- 
transceiver for RTTY, I got al warning that the warranty 
tired of the noise and dec id- will be void if wiring or re¬ 
ed to go modern. I now have pairs "not of our own instal- 
a Kenwood TS-120 with the lation" are done, 
usual beam and linear, and a About 50 years ago, while 
TRS-80C computer. I am installing early electronic 
also using a Kantronics In- gear on submarines at a lo- 
terface with the Kantronics cal shipyard, I was fortunate 
Hamsoft software. I noticed to have the opportunity of 
right away that there were a working with some of the in¬ 
lot of signals that were ventors and scientists who 
either hard or impossible to developed this gear. I have 
tune in so as to obtain good since never been complete- 
copy. I also hate the sight ly satisfied with anything 
and the hot feeling of the and have changed or altered 
wall-type power supplies. everything I got my hands 
On page 10 of the instruc- on, warranty warnings not- 
tion manual there is a men- withstanding. So far I have 
tion that interference or had no trouble with war- 
inversion of the code will ranties. 
prevent copy, and the oper- The Kantronics Interface 
ator should probably try an- does not have a Normal/Re- 
other signal. Pages 15 and 16 verse switch, which I thought 
of the manual describe mod- was a mistake. After adding 
ifications that might have to a switch and a hex inverter, I 
be made to increase audio am sure it was a mistake not 
level or PTT drive. Also de- to have one as original 



Photo A. The toggle switch is mounted on the front panel. 
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equipment The lack of 850 
or 425 shifts doesn't seem to 
pose any problem. 

After adding the inverter 
circuit, I found that the 
many signals that had been 
either hard or impossible to 
copy were now usable. 

I used one section of a 
7404 hex inverter and a sin¬ 
gle-pole double-throw tog¬ 
gle switch. The 7404 was in¬ 
stalled in a socket which 
was mounted on a store- 
bought printed circuit. This 
was attached to the rear 
panel of the interface with 
double-sided sticky tape. 
The toggle switch was 
mounted in the front panel, 
as shown in the photo. Press- 
on letters were used for the 
Normal/Reverse indication. 

The connection between 
R49 and the demodulator 
pin on the output connector 
on the back panel of the in¬ 
terface was opened and 
routed through the 7404 
chip and the toggle switch, 
as shown in the diagram. 
Power was obtained from a 
nearby + 5-volt regulated 
source on the PC board. A 
nearby ground connection 
will also be easily found. 

Operation is simple If a 


signal is hard to tune or im¬ 
possible to copy, flip the 
toggle switch and try again. 
There is, with a normal 
170-Hz shift, the possible 
necessity of moving either 
the main tuning dial or the 
RIT control 170 Hz I find 
that I copy more stations 
more easily with the switch 
in the Reverse position. 

To obtain power for the 
interface without using the 
nasty little wall supply, I 
opened up the connection 
between pins 3 and 4 of the 
4-pin mike connector on the 
rear panel of the unit. I then 
used the now-vacant pin 4 as 
a power source, connecting 
it to the positive terminal of 
the power-in jack. A piece of 
4-conductor shielded mike 
cable and a similar modifi¬ 
cation to the mike jack of 
my TS-120, where I connect¬ 
ed pin 4 to a regulated 
13-volt bus, completes the 
power modification and 
eliminates the need for the 
wall supply. 

A similar modification to 
my TR-7400-A and my TR- 
9000 and I am able to get on 
VHF AFSK in a hurry. 

Flip your interface and 
copy the rest! 73. ■ 


Parts Ust 


1 Hex inverter RS 276-1802 

S .79 

1 DIP socket RS 276-1993 

(two) 1.29 

1 PC board RS 2764)24 

1.09 

1 SPOT toggle switch RS 275-326 

1.99 

1 pc double-sided sticky tape RS 64-2343 

1.49 


Total $6.65 




Alberto A. Sagues KA4MTO 
1406 Thistleton Dr 
Lexington K\ 40502 


Quash QRM 

Add a "RTTY Narrow"position to your TS-520's mode switch — 
you'll never copy hits again! 


H ere is a simple modifi¬ 
cation to the Kenwood 
TS-520SE that enables you 
to switch the optional 500- 
Hz CW filter on or off when 
the mode-selector knob is in 
LSB or USB. The perfor¬ 
mance and flexibility or op¬ 
eration of the rig are not im¬ 
paired, but RTTY copying is 
greatly improved. 

About one year ago, I be¬ 
came the proud owner of a 
Model 15 teleprinter and a 
terminal unit (TU). After 
making a simple AFSK gen¬ 
erator, I started enjoying 
RTTY operation using my 
Kenwood TS-520SE trans¬ 
ceiver. This was done by in¬ 
serting the AFSK generator 
output into the phone-patch 


input of the transceiver, and 
transmitting and receiving in 
LSB, Both the TU and the 
AFSK generator were tuned 
to the 2125-2295-Hz tone 
pair. 

A reception problem 
quickly became apparent 
When receiving moderate to 
weak signals, any other 
strong signal within the 
2.4-kHz sideband passband 
of the transceiver would ac¬ 
tivate the age. This greatly 
reduced the detected ampli¬ 
tude of all other signals 
within the passband, includ¬ 
ing the one I wanted to copy. 
The problem was that the 
TU was not getting enough 
input of the desired signal to 
operate properly, and print¬ 


ing would usually stop I 
tried turning the age off, but 
that only resulted in unpleas¬ 
ant noises and high audio 
distortion. Turning the vol¬ 
ume control up caused the 
undesired signal to be limit¬ 
ed further by the limiter-in¬ 
put circuit of the TU, but 
erased the desired signal in 
the process. Using a passive 
filter tuned to the center of 
the tone pair and placed be¬ 
fore the TU input helped 
some, but not much. 

There are TUs on the mar¬ 
ket that can deal with very 
adverse signal combinations, 
but they are costly and do 
not fit within my ham bud¬ 
get. An inexpensive alterna¬ 
tive was developed and is 
described below 

My TS-520SE has the op¬ 



tional 500-Flz CW filter. The 
filter can be turned on only 
when the mode-selector 
switch is turned to the CW 
position. If that filter could 
be used with the transceiver 
in the LSB mode, I thought, 
the reception problem could 
be greatly reduced. An ex¬ 
amination of the vendor- 
supplied schematic diagram 
(which, by the way, lacks 
some details of the filter 
switching circuit) and some 
continuity measurements 
revealed an easy way of 
making the narrow filter 
switchable also in the side¬ 
band modes. 

The method is as follows: 
Turn the rig off and unplug 
it Carefully turn the trans¬ 
ceiver upside-down and re¬ 
move the bottom cover. The 


© 



Photo B. The bottom ol the TS-520SE showing the position of 
the mode switch. 




mode-selector switch will be 
exposed. It has five wafers. 
The connections to be modi¬ 
fied are looking straight at 
you. Locate the center wafer 
(see Fig. 1). Cable C is or¬ 
ange, and the lug to which it 
is connected has a voltage 
of about +14 V with re¬ 
spect to the chassis when 
the transceiver is turned on. 
You may want to check this 
by turning the transceiver on 
and measuring that voltage. 
Make sure that the trans¬ 
ceiver is on Receive and ex¬ 
ercise extreme care not to 
touch anything else with the 
voltmeter probe or with 
your hands. Turn the rig off 
afterwards and unplug it 
again; wait until power-sup¬ 
ply capacitors have dis¬ 
charged. 

Cables A and B are both 
orange-white. They connect 
to the LSB and USB lugs, 
as shown. These lugs are 
shorted together. Clip both 
A and B close to their lugs. 
Solder A to B as shown, and 
wrap insulating tape around 
the soldered joint. Make 
sure that the joined A-B 
cables do not interfere with 
the mechanical working of 
the switch; bend them out of 
the way. 

Next, join the USB and 
CW lugs with a soldered 
jumper. This completes the 
modification. Figs. 1 and 2 
show the before and after 
connections. (My rig has the 
serial no. 1010379. If yours 
has different color codes 
or parts arrangement, you 
should study the schematic 
diagram and check connec¬ 
tions carefully before at¬ 
tempting the modification.) 
Now put the bottom cover 
back on and straighten up 
the rig. 

With the mode-selector 
switch in LSB and the nar¬ 
row filter on, tune in a RTTY 
signal for maximum S-read- 
ing. Switch to the wide filter 
and notice how the back¬ 
ground noise and QRM in¬ 
crease dramatically. 

The modification lets you 
switch the narrow filter on 
while in the LSB or USB 
"When You Buy, Say 73" 


mode without impairing any 
other normal transceiver 
function For sideband oper¬ 
ation, simply switch the fil¬ 
ter to Wide. If you forget 
and leave the filter switch in 
the Narrow position and want 
to use sideband, you will no¬ 
tice it immediately during 
reception. Transmitting voice 
with the narrow filter on will 
result in an unintelligible sig¬ 
nal but will not harm the rig. 
The narrow filter, when 
switched on, will result in a 
500-Hz-wide bandpass, cen¬ 
tered at 1500 Hz below the 
LSB carrier, or at 1500 Hz 
above the USB carrier. 

To benefit from this modi¬ 
fication, you will have to 
retune both the TU and the 
AFSK generator to an audio¬ 
frequency pair within the 
passband. I chose 1400 Hz 
for the mark and 1570 Hz for 
space. Leave the narrow fil¬ 
ter on when transmitting 
with AFSK; its narrow band¬ 
width helps in putting out a 
cleaner signal. 

The modification has 
made copying RTTY a plea¬ 
sure, with QRM reduced to 
the few instances when an¬ 
other station operates with¬ 
in a couple-hundred Hz of 
the desired copy. 

In summary, a simple mod¬ 
ification to the filter-switch¬ 
ing connections of the TS- 
520SE will make the CW fil¬ 
ter switchable when in the 



Fig. 1. Mode switch seen 
from the bottom of the trans¬ 
ceiver. Wiring modif ications. 


USB and LSB positions. The 
modification involves no 
holes and is easily reversed. 
The consequent reduction 
in receiving bandwidth im¬ 
proves copy dramatically 
under QRM conditions. The 
modification does not im¬ 
pair the performance or op¬ 


erational flexibility of the 
transceiver. ■ 

Note: Kenwood TS-820S users 
interested in operating that unit 
in AFSK (instead of FSK) with 
500-Hz selectivity are referred to 
the article by R. Rennaker 
W9CRC in CQ, Vol. 38, No. 2 
(February, 1982), p. 38. 



Fig. 2. Schematic of the filter switching circuit before and 
after modification. 
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loseph A. Ryan WB5LLM 
PQ Box 6 22 
Florence MS 39073 


The D-Day Demodulator 

When the CV-89A joins forces with your micro , 
you'll take the R TTY bands by storm! 


I am writing this as a result 
of a letter I sent to Dr. 
Marc Leavey WA3AJR's 
"RTTY Loop" column in 73, 
June, 1983. It seems the pro¬ 
cedure I used to get my 
computer interfaced to the 
receiver was of some inter¬ 
est. I don't think I'll alienate 
any of the high-tech manu¬ 
facturers of RTTY demodu¬ 
lators with this idea. 

This, incidentally, is not a 
review of a piece of 25-year- 
old equipment that got lost 
on the editor's desk. This is, 
after all, supposed to be a 
hobby, and although many 
of us like (and can afford to 
buy) the latest, state-of-the- 
art equipment, there are still 
plenty of hams that either 
don't want to spend all that 
money, or can't especial¬ 
ly for their hobby. I started 
in amateur RTTY back in the 
late 40s; my first printer was 


an old Model 12 "rock 
crusher" and my first de¬ 
modulator was a home¬ 
brewed W2JAV converter. 
Eventually, via the surplus 
market, I obtained a surplus 
CV-89A/URA-8A frequency 
shift converter. I, like many 
others, became inactive for 
a while and when I finally 
got back into ham radio and 
interested in RTTY again, lo 
and behold, we had micro¬ 
computers, software, and all 
those goodies. 

When I obtained my very 
first micro, a Tandy Corpo¬ 
ration TRS-80(C) Color Com¬ 
puter®, and bought a copy 
of Clay Abrams KfeAEP's 
RTTY software, I was all in a 
rush to get it on the air. Rum¬ 
maging around, I resurrect¬ 
ed the CV-89 and started to 
see how it could be linked to 
the RS-232 I/O of the CoCo. 
After all, the CV-89 was 



designed to use the old stan¬ 
dard 130-V-dc, 0.60- or 0.20- 
mA loop, and that wouldn't 
do. Therefore, I designed the 
resulting interface. That's 
what this is all about I won't 
claim that the CV-89 will 
pull signals out of the noise 
level like some of the newer 
high-tech demodulators are 
supposed to do, however, it 
does offer the following: 

• Can copy any shift from 
10 to 1000 Hz and all in be¬ 
tween 

• Can copy any speed from 
45 baud to at least 300 baud, 
either Baudot, ASCII, or 
what have you 

• Has a Normal/Reverse 
switch 

• Has a Tune/Operate 
switch to lock up the print 
when tuning 

• Has a two-inch scope for 
tuning that RTTY signal that 
does not use the usual cross 
pattern 

• Has a Threshold control 
for no-signal lockup 

• Has separate Narrow and 
Wide shift 500-Ohm inputs 

• Is designed for rack 
mounting but can stand 
alone, 19" X 5.5" X 15” 

• Has 17 tubes, including 
the scope 

For the going prices at 
most hamfest flea markets 
or from some of the remain¬ 


ing surplus radio suppliers, 
usually between $50.00 and 
$85.00, what could be better? 

I should warn you at this 
time that one of the tubes 
used, the 1Z2, is to my 
knowledge in very short sup¬ 
ply. However, since it's a di¬ 
ode used as a high-voltage 
rectifier for the scope, and 
mine went west several 
years ago, it can be re¬ 
placed, with some loss of 
focus on the scope, with any 
silicon diode with a 1000-V 
piv rating. At the time of 
writing, the scope, the 
CV-89, and the 1Z2 were all 
available from Fair Radio 
Sales of Lima, Ohio. How¬ 
ever, the designers of this 
unit saw the possibility of 
this scope tube being in 
short supply and made pro¬ 
visions for an external con¬ 
nector on the rear apron 
that can be used to connect 
any oscilloscope. This will 
give the same display pat¬ 
tern, so loss of the scope 
tube (a 2BP1) is not serious. 

Let's get down to the im¬ 
portant part, the interfacing 
of this unit to the TTL I/O of 
a computer's RS-232. That 
RS-232 doesn't want to see 
more than 10 V dc, and the 
keyer tube of the CV-89 is 
designed to switch 130 V dc. 
What to do? Well, the prob- 


Fig. 1. Schematic. 
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lem is solved with the use of 
an Opto-Coupler (I used a 
Radio Shack TIL-111) and a 
12-V-dc power supply Yep, 
the 6AQ5 keyer will nicely 
switch the 12 V dc and deliv¬ 
er 0 20 mA to the LED side 
of the Opto-Coupler (which 
is what it wants to see, any¬ 
way). (See Fig. 1.) I added an 
RC circuit to compensate 
for some leading-edge bias 
on the signal caused by the 
low plate voltage (I found 
that 100 uF @ 10 V dc and 
120 Ohms work best). On 
the T I L output of the Opto- 
Coupler, I used 9 V dc and 
connected it to the input of 
the RS-232. Presto! It's been 
working fine for the last year 
and I can copy anyone I can 
hear, at any shift (and be¬ 
lieve me, they vary all over 
the place) and any speed 
from 45 baud to 300 baud 
ASCII (not much of that on 
right now). 

A little more about the 
CV-89, itself. All the tubes in 
it (except the 1Z2 and the 


scope) are standard off-the- 
shelf items like 12AX7s, 
12AU7s, 6AQ5s, 6AL5s, and 
0A2s, and all the other com¬ 
ponents (except the filter 
coils) are standard resistors 
and capacitors, so don't be 
afraid of it. All these parts 
are going to be around for 
awhile I should mention 
that the CV-89 comes (usual¬ 
ly) with a blower and a ther¬ 
mal switch designed to cut 
in at 120° F; however, in 
over 10 years of use, it has 
never cut in (I even checked 
it out by purposely heating 
the thermal switch up, and it 
worked). 

Maybe this is not a lash-up 
that is state of the art, but in 
all the years of use, the CV-89 
has not lost a tube (except 
the 1Z2) and is still in use. I 
know that many hams pooh- 
pooh tubes these days, and I 
know it's a bit bigger than 
the small solid-state demod¬ 
ulators, but it works as well 
and it's inxpensive. Try one 
you may be surprised! ■ 














































Terry Peikoia KW9L 
35 N. Illinois 
Villa Park IL 60781 


Slick VIC Trick 

Here's the cheapest way we know of to add a printer 
to your VIC-20. First, find a Model 33... 


A couple of yea f s ago I 
had a chance to buy a 
Teletype® Model 33 ASR. I 
had previously purchased a 
VIC-20 and when I was told 
the 33 was also an ASCII de¬ 
vice, I figured it could be 
used as a printer (some¬ 
how!). I had read the pro¬ 
grammer's guide 1 enough to 
know that there was a user's 
I/O (input/output) port and a 
built-in RS-232 interface. 
First I built a teletype inter¬ 
face and then tried to get it 
to work. I'll tell you how I 
did it and in the process try 
to explain the mysteries of 
the user's I/O port. The 


Model 33 is now usable to 
both run and list programs. 
Except for slow speed, no 
graphics, and noise, it's a 
perfect printer. (Well, what 
do you expect for $50?) 

When I bought the Model 
33, I only knew it was 110 
baud and had a 20-mA loop 
to operate the print mag¬ 
nets. If I had had any idea 
that I would need to know 
how many stop bits were re¬ 
quired, as well as parity, 
word length, and if full or 
half duplex, I don't think I 
would have started the proj¬ 
ect. But getting there was 
half the fun. 



tr 


Pin # Type 

1 GND 

2 +5V 

3 RESET 

4 JOYO 

5 JOY1 

6 JOY2 

7 LIGHT PEN 

8 CASSETTE SWITCH 

9 SERIAL ATN IN 

10 +9V 

11 +9V 

12 GND 


Note Pin # Type 

A GND 
100 mA max. B CB1 

C PBO 
D PB1 
E PB2 
F PB3 
H PB4 
J PB5 
K PB6 

100 mA max. L PB7 

M CB2 
N GND 


Fig. 2. 
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Since then, I have found a 
book 2 that explains the tele¬ 
typewriter data format (see 
Fig. 1). As you can see, there 
is a start bit, seven data bits, 
a parity bit, and two stop 
bits for each character. The 
VIC I/O port must translate 
each ASCII character to this 
format and operate our ex¬ 
ternal device (a transistor 
switch) to interrupt the 20- 
mA loop in this pattern to 
print each character. It 
sounds like a lot of work but 
the biggest share is done by 
a smart I/O chip called a VIA 
(versatile interface adapter). 
This chip will format inputs 
and outputs to the VIC in se¬ 
rial or parallel format (the 33 
is serial). Also, it automati¬ 
cally takes care of those 
pesky stop bits, etc. 

The VIA uses the bottom 
side of the user I/O port. The 
arrangement is shown in Fig. 


2. We will be using a serial 
device so we will only need 
to operate a switch to make 
the printer work. We will use 
contact M, called CB2. This 
is called the three-wire 
mode since only three wires, 
a send, a receive, and a com¬ 
mon, are needed. Of the 
three, we will use only the 
send (CB2) and the common. 
Receive would be through 
CB1 and common. 

You must do two things to 
get the port to operate. First, 
you must tell the computer 
you want to direct data 
through the port. To do this, 
the Basic command, Open, 
is used. This command has 
the format: Open file #, de¬ 
vice #, command #, and 
string. The Open command 
will be as shown on linelO in 
the program listings. 

Our Open command will 
use file number 200 Any file 



Fig. 3. 







number from 1 to 255 could 
be used but numbers above 
127 generate an automatic 
line feed after the carriage 
return. Because of the line¬ 
feed generation, no buffer 
or handshaking is needed. 

The next number, 2, is the 
device number that says it's 
an RS-232 device. This turns 
on CB2 for us. The third 2 is 
the command number and 
has no effect on our printer. 
The string at the end is the 
real workhorse and was the 
hardest to figure out. The 
first part, CHR$(163), directs 
the VIA's control register. It 
tells the speed and format of 
the serial ASCII data. 163 in 
decimal is 10100011 in bi¬ 
nary. 

Fig. 3 shows the control- 
register format with our bit 
pattern for 163 above it. As 
you can see, we are telling it 
to use two stop bits, a seven- 
bit word length, and a 110- 
baud rate. The second part 
of the string is CHR$(220). 
This is automatically peeled 
off and used to control the 
command register. 220 in 
decimal is 11011100 in bi¬ 
nary, Fig. 4 shows the com¬ 
mand-register format with 
our bit pattern above it. You 
can see there is parity dis¬ 
abled, half duplex, and we 
are using the three-line 
mode. 

The only other line we 
need is line 20 in program 
listing 1. Get A$ will check 
what would normally go to 
the screen and hold it for the 
CMD(200). The CMD(200) 


says take the data which 
would normally go to the 
screen and send it to file 200. 
Check back to our first line 
and you will see we made 
file 200 the RS-232. That's it! 
I start my programs like that: 

I use 100 for my first ac¬ 
tual program line number. 
When I RUN, the output will 
go to the printer instead of 
the screen. To save paper, 
use RUN 100 to bypass the 
printer instructions and use 
the screen as always. After a 
RUN, type LIST and your 
program will list on the 
printer. If you have a lengthy 
printout and you want to 
test the program or just want 
a listing, put a line 30 STOP 
and then RUN the program. 
The printer will just print 
BREAK IN LINE 30 and you 
may then list the program by 
typing LIST. 

The interface I used is 
shown in Fig. 5. The circuit 
was taken from a QST de¬ 
sign.* I used this circuit 
because, with proper pro¬ 
gramming, the optoisolator 
would allow inputting the 
VIC by typing on the 33 
when the VIC was used in 
the three-wire mode. This 
might be useful for a printer 
remote from the shack or for 
a two-operator station. For 
use as a printer only, the op¬ 
toisolator is not needed. 

The 20-mA loop in the 33 
may be hard to find. I found 
mine by tracing the wires, 
opening the circuit, and me¬ 
tering the 20-mA current. Of 
course, asking someone who 
knows and can show you is 
always the best way! 



Fig. 4. 


10 OPEN 200,2,2,CHR$(163) + CHR$(220) 

20 GET A$:CMD(200) 

100 PRINT “WHAT IS YOUR NAME?” 

110 INPUT N$ 

120 PRINT NS 

130 PRINT "WHERE DO YOU LIVE?” 

140 INPUT L$ 

150 PRINT L$ 

160 END 

Program listing 1. 

10 OPEN 200,2,2,CHR$(163) + CHR$(220) 

20 OPEN 3,3 
30 GET A$ 

100 CMD(3) 

110 PRINT "WHAT IS YOUR NAME?” 

120 CMD(200) 

130 INPUT N$ 

140 PRINT N$ 

150 CMD(3) 

160 PRINT “WHERE DO YOU LIVE?” 

170 CMD(200) 

180 INPUT L$ 

190 PRINT L$ 

200 END 

Program listing 2. 

10 OPEN 200,2,2,CHR$(163) + CHR$(220) 

20 GET A$:IF AS “'THEN 20 

30 IF AS CHR$(13) THEN PRINT CHR$(10):CMD(200) 

40 PRI NT#200,A$;:GOTO 20 

Program listing 3. 

When you get your inter- The program may be listed 
face built, try the program in by typing LIST. Also try RUN 
listing 1 to test your new 100 to get the feel of manu- 
printer. Type RUN and the ally bypassing the printer in- 
first question will come up structions, 
on the screen and be printed 

on the 33. When you type For an expanded sample, 
your answer, note that you try the program in listing 2. 
retain all the features of the This program acts as a print 
screen editor like DELETE switcher. It prints both the 
and INSERT. Your run questions and answers on 
should look like this: the screen but only the an¬ 

swers on the 33. I have mod- 
WHAT IS YOUR NAME? ified a code contest program 
(Your name) to print a log of all contacts 

WHERE DO YOU LIVE? on the 33 and return to the 

(Your town) VIC automatically to con- 



Fig. 5. 
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WORK THE U.H.F. BANDS 


MMT 144-28(R) $299.95 
MMT 144-28 $179.95 

MMT 432-28(S) $269.95 

MMT 1296-144 $299.95 

MMT 1268-144 $249.95 


POWER AMPLIFIERS 

All models include RF VOX & Low Noise RX Pre-A 
(no pre-amp in MML432-100 and UP-1268-20/UP-11 


tinue the code-generating 
portion of the program. 

For a last example try the 
program in listing 3. This will 
allow you to type on the VIC 
and have the text print on 
the 33. This might be useful 
with a RTTY program and 
would give you hard copy of 
both the send and receive 
from the VIC keyboard. 

I hope this will give new 
life to a 33 in someone's 
basement corner. Maybe 
that 33 at the next hamfest 
won't look quite so antique! 
Don't be afraid to experi¬ 
ment with the user I/O port, 
just keep in mind that it is at 
TTL levels instead of the nor¬ 
mal RS-232 levels of plus 


ana minus to voits i aiso 
hope this information on the 
user I/O port will spur you 
on to use the computer for 
other projects. In the mean¬ 
time, you have a cheap 
printer for the VIC.B 


1. VIC 20 Programmer's Refer¬ 
ence Guide, A. Finkel, N. Har¬ 
ris, P. Higginbottom, and M. 
Tomczyk, Commodore Busi¬ 
ness Machines, Inc., and How¬ 
ard W. Sams and Co., Inc., 1982. 

2. 6502 Assembly Language 
Programming, Lance A. Leven- 
thai, Osborne/McGraw-Hill, 
1979. 

3. “A State-of-the-Art Terminal 
Unit for RTTY,” Michael J. Di- 
Julio WB2BWJ, QST, Decem¬ 
ber, 1980. 


Send 40$ stamps 
for full details of 
our VHF/UHF items. 


Spectrum International, Inc. 
Post Office Bos 1084S 
Concord. Mass. 01742 USA 


Cl—0.1 pF, 50 V disc 
R1, 2— V* Watt 
D2—1N914 
D2, 3, 4—1N4003 

Q1—2N5655, MJE340, TIP-48, or ECG198 
U1—OPI-2150, HEP-P5000, or Motorola 4N28 
Misc.—DIP socket, transistor socket, perfboard, el 


.<iSW CADDELL ^ 

I CQIL CORp I 

35 Main Street 
Poultney, VT 05764 
802-287-4055 






















Terry Lyon KA3CCQ 
3 McCann Street 
Edgewood MD 21040 


QSK for Your Vintage Vfo 

All it takes is an hour. 


W ant a vfo modifica¬ 
tion which gives you 
full break-in keying and 
takes about one hour to in¬ 
stall? It worked wonders for 
my vintage 1948 vfo. Well, 
read on! I have a simple cir¬ 
cuit which can remotely al¬ 
ter the output frequency of 
Hartley- and Colpitts-type 
oscillators. The frequency 
can be shifted at normal CW 
keying rates and the differ¬ 
ence in frequency can be 
several thousand Hertz. 

The circu it was developed 
to bring an antique vfo (Mil- 
len type 90711) out of moth¬ 
balls and place it into active 
service. As with many older 
style units, this vfo had to be 
switched into the standby 
mode while listening to the 
other side of a CW conver¬ 
sation to avoid an annoying 
heterodyne whistle. The whis¬ 
tle resulted from fundamen¬ 
tal or harmonic emissions 
coming from the oscillator. 
When reenergized, the oscil¬ 
lator had a tendency to drift 
until its temperature had re¬ 
stabilized. This old vfo could 
also be operated as a keyed 


oscillator (i.e., the oscillator 
could be turned on and off 
when keying the transmit¬ 
ter). As expected, keying the 
oscillator provided a truly 
wretched chirping output 
signal which was not very 
useful. 

Many amateurs have 
known that it is better for the 
sake of stability to let an rf 
oscillator run all the time. 
However, it is next to impos¬ 
sible to completely shield 
the oscillator compartment 
to prevent leakage of funda¬ 
mental and harmonic fre¬ 
quency components Thus 
some interference to the sta¬ 
tion receiver will remain. A 
more practical solution in¬ 
volves shifting the vfo to a 
new frequency which does 
not create severe reception 
difficulties. Although sev¬ 
eral circuits exist which can 
shift a vfo's frequency, many 
are not well suited for full 
break-in CW keying. 

Fig. 1 illustrates an rf 
switching circuit and its con¬ 
nections to a typical multi¬ 
stage vfo or master oscil- 
lator/power amplifier trans¬ 


mitter. This circuit is 
controlled by the key to shift 
the oscillator frequency at a 
normal keying rate. It can be 
added to many vfo's without 
much revision since it is con¬ 
nected in parallel with the 
existing components. Con¬ 
trol voltage for the circuit 
was derived from the key 
connections inside my vfo. 
When the key was up, slight¬ 
ly over 100 volts appeared 
across my key contacts. This 
voltage is used to bias a 
solid-state rf switch into con- 
duction with R2 The rf 
switch consists of D1, Q1, 
R1, and Cl. When the key is 
up, as for receiving, capaci¬ 
tance from Cl is added across 
the oscillator's tuned circuit, 
which was tuned near the 
160meter band in my case. 
When transmitting, the net 
capacitance of the rf switch 
drops to a minimum. Hence, 
when transmitting, the vfo 
frequency should return to 
nearly the same frequency 
as for the unmodified vfo, 
thereby maintaining the orig¬ 
inal dial calibration. 

A rigid arrangement 


should be used for the sake 
of stability. I located the 
components adjacent to the 
tuned circuit. Component 
leads were soldered directly 
together to minimize stray 
capacitance. An NPN tran¬ 
sistor was selected in my rig 
as in Fig. 1 since the keyed 
voltage was positive. How¬ 
ever, D1 could be reversed 
and Q1 could be a PNP type 
if a negative voltage were 
present. 

I found that it was not nec¬ 
essary to realign the vfo os¬ 
cillator after modification. 
The intrinsic shift created by 
this circuit when the key was 
down was slight as expected. 
However, if the circuit does 
not move the oscillator out¬ 
side the receiver's passband 
when shifted, the value of Cl 
may need to be increased, 
but not by much. Increasing 
the capacitance of Cl can 
cause a larger drop in the os¬ 
cillator frequency, However, 
too much capacitance may 
stop the oscillator alto¬ 
gether, which is very undesir¬ 
able and may be damaging. 

The shifter is easy to use. 
Firstly, open switch SI to 
locate the oscillator funda¬ 
mental or harmonic emis¬ 
sion with your receiver 
(SPOT). Next, tune the vfo to 
zero beat its emission with 
an incoming CW signal or 
just set it to a comfortable 
tone (inside the band limits, 
of course). Lastly, close SI 
and you are ready to trans- 
mit(OPERATE). Be sure to ei¬ 
ther use a separate antenna 
or fast-acting antenna switch 
for the receiver to keep the 
smoke to a minimum in your 
shack. ■ 



Fig. 1. Simple add-on circuit to shift vfo frequency at normal CW keying rates for full break- 
in keying. 
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PECIAL EVENTS 


et. For more information, contact 
VARC, PO Box 5132, Beaverton OR 


Free Antenna Accessories Catalog 


___ There will be a 15,000-square-foot Indoor 

JUNT SW3P area and ,abl8 SPaCe * S ,r8e f ° r a " 

w Northern Colorado Amateur Radio Talk-In on .165/.765. For more Information 
> will hold Superfest 7 on Saturday, or for table reservations, call Paul Gardner 

j 1, 1985, at the McMIllen Building, WD8IZB at (616>*538*8241 or write to IRA, 

mer County Fairgrounds, Loveland 562 92nd Street SE, Byron Center Ml 
Admission is $3.00. Events include a 49315. 


formation, contact Rick Hubbard The Wireless Institute of Northern Ohio 
kODDC at (303>-353«366, or Gus Fox (WINO) will commemorate Ohio Wine 
>EE at (3031-330-9012. Month by operating special-event station 

K080 on Saturday, June 1,1985, from 7:00 
ST, PAUL MN P™ 10 11:00 P m ' on 3860 and 7235 kHz * and 

‘ JUN , on Sunday, June 2, 1985, from 11:00 am to 

3:00 pm, on 7235 and 14,235 kHz. The sta 
rhe North Area Repeater Association tjon wj|| ^ | 0cated at a w t ne ry in Madison 
I sponsor a swapfest and exposition for 0H For an8Vl x 11 certificate, send a te- 

lateur-radio operators on Saturday, fla |. s i 2 e SASE to: KOBO—WINO Weekend, 

ne 1, 1985, at the Minnesota Btate Fair- 7126 Andover Drive, Mentor OH 44060. 

winds, St Paul MN. Admission is $4,00 
advance and $5,00 at the door. Exhibits, 


The Southstde Amateur Radio Club wifi 
operate special-event station N9EWP on 
June 1-2,1985 (Harry's Heydays!, in honoi 
of President Harry S. Truman’s 101st birth 


i Coaxial Antenna Relays 

Remotely select up lo 9 antennas 
trom your transmitter, using only one 
coaxial cable. Environmentalized, high 


W2AU and W2DU Baiuns* 

Our baluns. center insulators and in¬ 
sulators have been preferred tor 20 

torces Protect against TVi and lightning 


4 W2VS Antenna Traps 


o 6 bands, depen- 
you add Antenna 


Send For Yours Today* 

Dori t delay Call or write today, and 
we will send you free literature which 


When You Buy, Say 73 


Toll Free 1-800-44^166$’ 10-541^493 

NYrHIfAKICanada (Colled) 315-437-3853 






































































































































































































ATELLITES 


APOGEE PREDICTIONS 






























































































ATTENTION 


Foreign Computer Stores/ 
Magazine Dealers 

You have a large technical 
audience that speaks English 
and is in need of the kind of mi¬ 
crocomputer information that 
CW/Peterborough provides. 


Provide your audience with 
the magazine they need and 
make money at the same time. 
For details on selling 80 Mi¬ 
cro, inCider, HOT CoCo and 
RUN contact: 


SANDRA JOSEPH 
WORLD WIDE MEDIA 
386 PARK AVE., SOUTH 
NEW YORK, NY 10016 
PHONE (212) 686-1520 
TELEX—620430 


PAC/NET SYSTEM $240.00 

System Tested 4.5 x 6" board complete 
with all ICs and programmed EPROMs 
personalized for each purchaser. Re¬ 
quires only single 8-10 volt ’/a amp power. 
1 year guarantee of hardware/soft- 
ware/AX.25 standard RS232 serial ASCII 
at any user baud rate.RS232 MDLC for 202 
modem used for AFSK or direct to RF 
equipment for FSK. 


B ILL ASHB| 

K2T10r^KA20EG > 201 -658-3087 
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using SSB. As for DX ‘‘windows, ’ 


1 DIM B$(1)*80: DIM F$(I)*80 

4 J-LEN B$(1) 

7 A$=MID$(B$(1),C,1) 

8 GOTO 13 

13 WAIT 0: PRINT LEFT$(B$(1),C) 

83 IF A$="." THEN LET A$="112211": GOTO 100 
85 IF A$=" " THEN LET A$«"0": GOTO 100 
109 GOSUB 137 
116 IF C<J THEN 6 

INPUT F$(1) 

B$(1)=F$(1): GOTO 4 
B$(1)="DE URCALL”: GOTO 4 
B$(1)="UR RST IS": GOTO 4 
B$(1)="UR QTH": GOTO 4 
B$(1)="UR NAME": GOTO 4 
134 BEEP 1,28,90: RETURN 

136 BEEP 1,28,300: RETURN 

137 WAIT 0: RETURN 

Luting 1. Enhancements to Lockwood’s “AH This end PCIir In Hatch, ?985. 



successfully vaiy i 
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"When You Buy, Say 73" 
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73 INTERNATIONAL 


Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign correspon¬ 
dents, we present the latest 
news In DX, contests, and events. 



bands. Regulars on 15m and 20m are 
5B400, 5B4IS, 5B40P, 5B4IR, 5B40K, 
5B4JE, and 5B4JR. On 40m we have 
5B40K, SB4JR. 5B4JX, and 5B4JE On 75m 


OK2BFN, In the race the competitors corn- 
graphic callsigns, the ti 


EUROPEAN RECORDS 
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clearly written and this, added to a faulty followed the double frustration of seeking GREECE MALAYSIA 



dnMBC^ariy written, keeping'ln mind the Counties Award which requires the collec- HSfVL Hassan V85HG, speaker from Indonesia, and Klaus DK9VC/DU2- (Photo by 

need to always print at the end: DOMINI- tion of UK counties only (more like US 9MBMO) 
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from this part of the world 


vertical antenna for 10/15/20 meters, and a 
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OUR 25th ANNIVERSARY YEAR! 



fjor Radio 
Amateurs 


Greatest Array? 

SUPER-SCAN 
THE TS-930S! 



FLASH! 




24 Megs Is Ours! 

Project of the Month: 

Your Own WARC Receiver 



'74470 6594< 


DAYTON FACES ’85 






















73 


M Radio 
Amateurs 


On the Cover: 

Sunrise at New Mexico's Very 
Large Array Photo courtesy 
ot the National Radio 
Astronomy Observatory. 


4 What? 

7 QRX 

60 Barter ’N’ Buy 

61 Special Events 
64, 92 Ham Help 

65 l>X 

66 Be My Guest 

67 Fun! 

6 7 Satellites 

68 New Products 

78 Review 

79 RTTY Loop 

80 Contests 

87 Letters 

88 73 International 
94 Dealer Directory- 

94 Propagation 

95 List of Advertisers 


8 Faces of Dayton '85 

.KWIO. WB8BTH 

12 ICOM’s Extended Play 

Ten minutes with a Phillips screwdriver gives your IC-751 transmit capability from 
1 to 30 MHz!.KS4B 

18 America's Dream Array 

Twenty-seven dishes in a twenty-one-mile pattern make tor some serious DXing 
at the National Radio Astronomy Observatory, Galactic DXCC. anyone? 
.AJ0N 

22 WARC for the FT-101E 

Here's how to join the fun on our new 12-meter band. And you'll be ready for 
18 MHz. too!.ZS2RH 

24 The Dayton Downlink 

Optimizing your OSCAR downlink system can be frustrating, Use this easy method 

to measure your improvements and know just when to stop.W9JD/8 

30 The 30-Meter-Plus Receiver 

Explore the world of 10 MHz with a solid-state receiver you've built yourself! We've 

come a long way since oatmeal boxes and cats' whiskers.N4EY 

34 The Incredible Inducto-Gauge 

Measure coils with impunity! Better yet, measure them with this weekend project: 

a do-it-yourself inductance meter.Kefchledge 

38 The Peerless Power Pack 

Simplicity is the key to this rugged 12-volt. 5-Amp supply. If you're looking for 

quick energy, here's the answer.K02G 

40 What You See Is Where You’re At 

fired of guessing your frequency? Resolve your problem to 100 Hz with this add¬ 
on digital display. WA8YKN 

44 There and Back Again 

Add band-scanning to your TS-930S for under S20.KC70 

50 Home-Brew the Blockbuster 

In a heroic effort. WB2WIK has created the ultimate 6-meter amplifier. Its single 
4-1000A delivers over 2 kW with only 20 Wafts in. The power supply alone weighs 

120 pounds. When this monster talks, people listen! . WB2WIK 

56 Broken Ox Blues 

The grid-dip oscillator is a stellar performer, but missing coils can mean big 
headaches. Avoid frustration by winding your own.W7RXV 
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News from the Publisher 


People have called and written with regard to the last person we contacted in our Febru¬ 
ary telephone survey: the pickle-trucker from Washington State who turned out to be a Nov¬ 
ice. What they want to know is who was the first person we contacted. Hello, E. 

I made the first of our hundred calls to an OM on an island on the east coast. As bad luck 
would have it, he’s a Silent Key—one of three whose calls we happened to select at random. 
E is his XYL. She was really nice and felt really honored to be called, I think, but she certainly 
was adamant: "I want to do the survey for him." I'm sorry, you really can’t. “I took down his 
aerial myself.” I know, but our survey wouldn't be accurate if you were the one who an¬ 
swered. "You're right." And then she said this: “Would you tell hams that they mean a lot 
to me?” I said I’d try. 

KA8UET and W8IZF were adamant, too—at the Dayton Hamvention. “We've tried to talk 
to other people, but they won't listen." I promised them that their views would at least be 
seen in 73. They want more articles about QRP rigs in all publications, they want VEs of any 
class to be able to administer tests for their own license level or lower, and they think that 
a small part of 160 might be a good place to try Novice phone. There! Let it never be said 
that we don’t hear our readers. Speaking of which, we talk with our readers, too, on a regular 
basis. If you’re a letter-writer, complimentary or critical, you might get a landline call from 
me. Hello, Snohomish, for example. 

Dayton was alluring and addictive, as usual. It was a friendly frenzy. How can I describe 
to those of you who weren't there what it's like to see 24,000 people running around with 
beady eyes for three days trying to figure out what to buy next? I don't know what to say 
about DARA, either. Is the Dayton Amateur Radio Association efficient? Sure. The best club 
in the US? Maybe. Best in the world? Possibly. Able to cope with 30,000 next year? We will 
see. Don't bet against it. 

Do bet on me saying something I meant to last year but didn't: Thank you, everyone I’ve 
met in the Dayton area, for being so cordial and courteous and helpful. You go out of your 
way. I saw somebody from out of town see one of your red, white, and blue trash bins and 
say, "Hey, an All-American city!" He was surprised. I wasn't. Thanks again. 

Thanks, too, to Don Wallace W6AM. I tried to think of some sort of obituary-type key-is- 
silent thing to write to let you know that he passed away on May 25th. I couldn’t. If you, like 
me, were one of the scores of thousands of people who had the honor of speaking with Don, 
I hope you'll agree that "thanks" says it all. There are many great amateurs now and there’ll 
be many more in the future, but there'll never be another "Superham.” 
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Band New! 

A NEW AMATEUR BAND opens for busi¬ 
ness on June 22, 1985, at 0001 UTC! The 
FCC has decided to allow hams early ac¬ 
cess to the 12-meter spectrum allocated 
during the last World Administrative Radio 
Conference. General-. Advanced-, and Ex¬ 
tra-class ticket-holders may use 1500 Watts 
PEP from 24.890 to 24.990 MHz on a shared 
basis with Fixed Service users until July 1, 
1989. when the band will become exclu¬ 
sively ours. Because of an existing IARU Re¬ 
gion 2 resolution, the FCC has opted to 
specify formal subbands: 24.890 to 24.930 
MHz is available for A1A and FIB emis¬ 
sions. and 24.930 to 24.990 MHz is available 
for A1 A. F3E, G3E, A3C. A3F. F3C. and F3F. 
There are about 40 countries allowing hams 
to use this band right now. See you on 12! 

160 Grows Up 

THE FCC SMILED on amateurs in another 
area concerning the use of RTTY, FAX, and 
SSTV on 160 meters. Effective June 17, 
1985, hams may use these modes on the en¬ 
tire band. In their final ruling on Docket 84- 
959. the Commission stated that "the 
present limitation restricting emission 
modes.. .is no longer necessary since that 
limitation was designed to protect the dis¬ 
continued LORAN-A radionavigation sys¬ 
tem." However, the ruling also stresses that 
Docket 84-874, which addresses amateur 
use of 1900-2000 kHz. is still in motion, and 
that "no equities will accrue for investment 
in equipment which operates only in this 
band." 

Arizona Spiits 

ARIZONA HAS ADOPTED the 20-kHz-split 
repeater band plan for 2 meters. No new 15 
kHz-split requests will be coordinated, but 
new 20-kHz pairs will be assigned only when 
a written agreement Is obtained from all of 
the repeaters that would be required to 
move. State coordinators are taking things 
slowly and the entire process is entirely vol¬ 
untary. 

RFI Battle 

A CANADIAN AMATEUR is being sued for 
damages in a $35,000 RFI case. A neighbor 
of Jack Ravenscroft VE3SD claims that his 
microwave oven turns on and that his elec¬ 
tronic organ's sound deteriorates whenever 
Jack fires up on 20 meters. There is a very 


real chance that an unsympathetic Judge 
could rule in the plaintiff's favor, setting an 
ugly precedent for interference cases every¬ 
where. The Ottawa Amateu r Radio Club has 
set up the Jack Ravenscroft Defense Fund; 
if you would like to contribute to the cause, 
conatct OARC at Box 8873, Ottawa, Ontario 
K1G3J2. 

Happy Hams 


THREE LUCKY PEOPLE are very glad that 
they stopped by the 73 booth at the Dayton 
Hamvention this year. Not only did they get 
to meet the wonderful folks who bring you 
73 every month, they were winners in our 
special Dayton HT Giveaway! Ken Hyde- 
man K8SVM of Dayton. Ohio, won a Yaesu 
FT-209RH, Jean Gade from Hot Springs, Ar¬ 
kansas, received a Kenwood TH-21AT, and 
Don Cogley KA0CPY of Omaha, Nebraska, 
walked away with an ICOM IC-02AT. Turn to 
the next page to see some of the thousands 
of sad people who didn't win a hand-held at 
Dayton. 

October Test 


TWO GERMAN ASTRONAUTS will be car¬ 
rying amateur radio aboard a Shuttle flight 
scheduled for October of this year. Dr. Ernst 
Messerschmld DG2KM and Dr. Reinhard 
Furrer DD6CF will be on board Columbia 
this fall during the first German-controlled 
Spacelab mission. The equipment, built by 
the Robert Bosch Company, provides four 2- 
meter receive channels and eight 70-cm 10- 
Watt transmit channels. Plans call for FM 
two-way QSOs whenever possible, and au¬ 
tomatic recording of calls when Ernst and 
Reinhard are busy with flight-related duties. 
A 1-Watt 70-cm beacon will come in handy 
for determining if the Shuttle is in range of 
your station. “QRX" and the 73 RBBS at 
(603) 924-9809 will carry complete details of 



The astronauts ol Spacelab mission D1 
(from left): Wubbo Ockels. Reinhard Furrer 
DD6CF. Ulf Merbold. and Ernst Messer¬ 
schmld DG2KM. 


the operation, including frequencies, when 
they are announced. 

Marti Me 


AFTER A DELAY OF A YEAR AND A HALF, 
Radio Marti will begin operation with 1414 
hours of Cuban programming each day. 
Part of the Voice of America, the Florida- 
based station will transmit news and enter¬ 
tainment to Cuba on the standard AM 
broadcast band, perhaps inviting retaliation 
by Cuban-based high-power jamming 
equipment. It would make 1150 kHz sound 
like 40 meters at night! 

Shuttle Shot 


THE LATEST WORD FROM NASA has Shut¬ 
tle mission 51-F carrying Tony England 
W0ORE and John-David Bartoe W4NYZ lift¬ 
ing off on July 15th. Amateur operation dur¬ 
ing the first few days will consist of 
unattended SSTV on 145.55 MHz using a 
modified Robot 1200C scan converter. Rick 
Sammis of Robot Research says that the 
modifications include the Shuttle's mission 
logo stored in ROM and an automatic se¬ 
quencer that will transmit frames using 
most of the popular slow-scan formats. The 
third day should bring opportunities for two- 
way QSOs, but most of the activity will oc¬ 
cur on unannounced frequencies during 
scheduled contacts with clubs and youth 
groups. NASA has agreed to announce the 
status of the ham station at least one pass 
in advance: Listen for Shuttle ground com¬ 
munications that will be retransmitted by 
Goddard club station WA3NAN on 3.860. 
7.185. and 14.295 MHz during the astro¬ 
nauts' activity period. 

Hot Spot 


YOU CAN ALWAYS TELL when warm 
weather arrives In New Hampshire—with it 
come visitors to 73! Recent guests included 
Jim KF400 and his wife Nancy, who were 
up from Florida on a tour of the east coast. 
We always enjoy meeting the people who 
read the magazine; if you happen to be in 
Peterborough, be sure to drop by and say 
hello. 

Merci 


WE TIP OUR HAT this month to The ARRL 
Letter, the W5Y/ Report, the CRRL News. 
Ralf Beyer DJ3NW. and Paul Courson 
WA3VJB, all of whom contributed to "QRX" 
this month. 
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lohn S. Wilcox KS4B 
MO Breton Bay Drive 
Leonardtown MD 20650 


ICOM's Extended Play 

Ten minutes with a Phillips screwdriver gives your IC-751 
transmit capability from.1 to 30 MHz! 


I n its short lifetime, the 
ICOM I C-751 competi¬ 
tion-grade HF transceiver 
has truly become a standard 
of comparison. The excel¬ 
lent quad-conversion receiv¬ 
er coupled with the most up- 
to-date digital features has 
made it the transceiver to be 
reckoned with. 

One of the features that 
enhances the IC-751 and 
makes it a superlative bar¬ 
gain for maritime, commer¬ 
cial, and MARS operators is 
the all-mode general-cover- 
age capability. This feature 
allows AM, FM, CW, RTTY, 
and SSB reception from 100 
kHz to 30 MHz—all stan¬ 
dard. The transceiver is sup¬ 
plied with transmit capabili¬ 
ty limited to the nine WARC 


amateur bands but can be 
modified easily to transmit 
virtually throughout the 
spectrum. This simple modi¬ 
fication requires the remov¬ 
al of one pin from a plug on 
the rf printed circuit board 
and is immediately revers¬ 
ible with no soldering re¬ 
quired. With only a Phillips 
screwdriver needed as a tool 
for this modification, it's 
pretty hard to beat! 

Remove the top cover of 
the IC-751. Twelve Phillips- 
head screws retain this cov¬ 
er. (It would be smart at this 
point, if you haven't already, 
to disconnect the power 
from the transceiver.) Lo¬ 
cate J2 on the rf PCB (see 
Fig. 1). Note the bottom¬ 
most pin (pin 1) on the plug. 



Fig 1. Arrow points to the connector. 
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This is the mute-signal line 
and is the one you'll be re¬ 
moving. On my transceiver, 
the wire color to this pin is 
black. 

Carefully work the plug 
out of J2 and turn it so that 
the small access holes in the 
side of the plug are visible to 
you (see Fig. 2). Insert a 
small pointed tool or pin 
into the access hole for pin 1 
and depress the pin retainer. 
Grip the wire and carefully 
pull the pin back out of the 
plug. Align and reinsert the 
plug into J2. Tape the loose 
pin and dress the wire so it 
can't be pinched when the 
top cover is replaced. Make 
sure that no other wires or 
cables have moved out of 
place on the rf board or on 
the top main board so that 
they could be pinched. This 
action might save you nu¬ 
merous hours of heartache 
while your brand-new IC-751 
is in Bellevue, Washington, 
getting repaired! 

Following the modifica¬ 
tion, all functions remain 


D 0 0 0 0 


the same when operating 
the transceiver. Notice that 
the general-coverage (GENE) 
readout still lights in the dis¬ 
play window when that 
mode is energized. The only 
difference is that now you 
are able to transmit any¬ 
where—in or out of the am¬ 
ateur bands. The GENE flag 
must now be looked upon as 
a warning indicator to save 
you more heartache from 
the pink slip you could get 
for transmitting out of au¬ 
thorized bands. 

For the squeamish or 
more forgetful hams who 
want the full transmit capa¬ 
bility but not the responsi¬ 
bility of transmitting where 
they shouldn't, the mute line 
can easily be wired to two 
spare pins on the back-panel 
accessory socket and a tem¬ 
porary jumper placed across 
the socket pins. Pins 14 
through 24 of the accessory 
socket are available for this 
purpose. 

This simple change makes 
ICOM's best even better. 
Normal maritime, commer¬ 
cial, and MARS operation is 
now possible as is the peace 
of mind you gain by having 
full HF transceive capability 
for possible emergency 
communication conditions. 
ICOM can be congratulat¬ 
ed for providing a real 
thoroughbred to the com¬ 
munications world. ■ 




America's Dream Array 

Twenty-seven dishes in a twenty-one-mile pattern makes for 
some serious DXingat the National Radio Astronomy Observatory. 
Galactic DXCC, anyone? 


Roald Steen A1QN 
6217 Ridge Drive 
Woodbury MN 55125 


T he Very Large Array in 
New Mexico is the 
world's most advanced ra¬ 
dio astronomy observatory. 
This observatory, which 
looks like a huge Y when 
seen from the air, is located 
near Socorro on the Plains of 


St. Augustin. Along the out¬ 
line of the Y, 27 large reflect¬ 
ing antennas can be seen in 
a pattern which may change 
from week to week. 

The VLA (Very Large Ar¬ 
ray) radio observatory was 
constructed by the National 
Radio Astronomy Observa¬ 
tory (NRAO). NRAO, which 
is funded by the National 
Science Foundation, is also 


Photos: the National Radio Astronomy Observatory, operated by 
Associated Universities, Inc., under contract with the National Sci¬ 
ence Foundation. 



The galactic center of the Milky Way. The powerful radio 
sources in this VLA image may be caused by a huge black 
hole. 
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responsible for the daily op¬ 
eration of the Very Large Ar¬ 
ray. 

NRAO was formed in 
1956 to develop the best 
possible radio telescopes 
and to make these available 
to scientists from all coun¬ 
tries. The first NRAO obser¬ 
vatory was constructed near 
Green Bank in West Vir¬ 
ginia, a site which was cho¬ 
sen because nearby moun¬ 
tains shield the observatory 
from most types of man¬ 
made radio noise. NRAO 


also constructed a millime¬ 
ter-wave radio observatory 
at the top of Kitt Peak in Ar¬ 
izona. Millimeter radio 
waves are attenuated by the 
atmosphere, so this observa¬ 
tory had to be located at a 
high altitude to reduce the 
problem of atmospheric at¬ 
tenuation. 

The St. Augustin Plains in 
New Mexico were selected 
by the NRAO as the site for 
its most advanced observa¬ 
tory for several reasons. The 
area is sparsely populated, 



Technician inspecting the receivers and feedhorns on a VLA 
antenna. 







Most of the observations from the VLA are processed into 
radio images or maps. The color graphics are produced by 
VLA computers. Colors are used to depict varying intensi¬ 
ties in the radio images. 


and there is little nearby in¬ 
dustry, so that little man¬ 
made radio noise could in¬ 
terfere with the observatory. 
The plains are extremely 
level, so the railroad-type 
rails which are used to trans¬ 
port the antennas from one 
location to another could 
follow straight lines across 
the facility. Reception of ra¬ 
dio waves on the shortest 
wavelengths which the ob¬ 
servatory can use is subject 
to atmospheric attenuation. 
As the St. Augustin Plains 
are located at an altitude of 
about 7000 feet above sea 
level, the atmospheric atten¬ 
uation is low. 

The electromagnetic spec- 
trum ranges from the ex¬ 
tremely short gamma rays to 
long radio waves. All parts 
of this spectrum are of inter¬ 
est to astronomers. Only vis¬ 
ible light, radio waves, and 
portions of the ultraviolet 
and infrared wavelengths 
can be observed from the 
ground as the atmosphere 
shields us from the rest of 
the electromagnetic spec¬ 
trum. 

The resolution which a 
telescope can give of a dis¬ 
tant object depends upon 
the wavelength through 
which the telescope is ob¬ 
serving that object and the 
diameter of the telescope. 
Because radio waves are 


much longer than the waves 
of visible light, a radio tele¬ 
scope must be much larger 
than an optical telescope to 
achieve the same ability to 
resolve distant objects. A ra¬ 
dio telescope would have to 
be several miles in diameter 
in order to equal the largest 
optical telescopes in their 
ability to show fine details in 
an object. 

During the 1950s, astron¬ 
omers in England and the 
United States developed a 
more practical way to im¬ 
prove the resolution of radio 
telescopes. This method 
is called interferometry. 
Through interferometry, two 
or more radio telescopes are 
combined in observing the 
same object. With this tech¬ 
nology, a resolution may be 
achieved which would ap¬ 
proach that of a single tele¬ 
scope whose diameter is 
equal to the distance be¬ 
tween the combined radio 
telescopes. Interferometry 
requires extremely accurate 
clocks which are used to 
measure the time of arrival 
of a signal at each of the two 
or more radio telescopes 
that are participating in an 
observation. 

The VLA was completed 
in 1980 after seven years of 
construction. There are 27 
identical parabolic reflector 
antennas in the array. The 


Installation of a VLA waveguide. These two-inch copper 
tubes serve as two-way communication channels. Control 
signals flow from the control building to the antennas in 
one direction, and the data from the observations flow in 
the opposite direction. 


antennas are mounted on 
foundations that are mov¬ 
able along the Y-shaped sys¬ 
tem of railroad-type rails 
which covers the site. 

Each VLA antenna has a 
diameter of 82 feet. The an¬ 
tennas are working in the 
Cassegrain configuration. In 
this configuration, the main 
parabolic reflector reflects 
the incoming signals to a 
secondary reflector at the 
focus of the parabola. The 
receiving equipment which 
is located at the base of the 
main reflector receives the 
signals from the secondary 
reflector. 

The receivers in the VLA 
are cooled to 18 degrees 
above absolute zero through 
refrigerators that are us¬ 
ing liquid helium. All elec¬ 
tronic components produce 
some internal electronic 
noise. The internal noise 
level is proportional to the 
temperature of the compo¬ 
nents. This noise is mini¬ 
mized by the refrigeration 
system in each VLA receiver. 
At room temperature, the in¬ 
ternal noise in the compo¬ 
nents would overwhelm 
many of the weak signals 
that are being received from 

The aiming of each an¬ 
tenna in the VLA is con¬ 


trolled by a computer in the 
observatory's control build¬ 
ing. The antennas can there¬ 
fore follow an object as it 
moves across the sky due to 
the rotation of Earth with a 
very high degree of accu¬ 
racy. 

Each antenna in the VLA 
is connected to the control 
building through two-inch 
waveguides. The wave¬ 
guides are part of a two-way 
communications system, as 
these are transporting the re¬ 
ceived signals from the an¬ 
tennas in one direction and 
the control signals from the 
central computer to the an¬ 
tennas in the other direction. 

The antennas in the VLA 
are not self-propelled. A spe¬ 
cial rail transporter is used 
to move the antennas in the 
VLA from one site along the 
Y-shaped pattern to another. 
Each antenna with founda¬ 
tion weighs 235 tons. The 
transporter supplies the an¬ 
tennas with electrical power 
when they are being moved, 
so the receivers are cooled 
also during transportation. 
This is necessary in order to 
maintain the stability of the 
electronic components in 
the receivers. The trans¬ 
porter can usually move an 
antenna from one site to an¬ 
other in two hours It takes a 
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Close-up of one of the 27 VLA antennas. 


Aerial view of the VLA. The large building in the back¬ 
ground is the assembly building, which now is being used to 
repair and maintain the antennas. The other buildings in the 
photograph contain laboratories, offices, and computer 
equipment. 


week to reconfigure the en¬ 
tire antenna system in the 
VLA. 

The antennas are repaired 
in a large building which ini¬ 
tially was used to assemble 
the antennas on their foun¬ 
dations. The transporter is 
used to move each antenna 
to the assembly building for 
scheduled maintenance and 
for repairs. Complex electri¬ 
cal motors are used to move 
each antenna in the horizon¬ 
tal and vertical directions, 
and these also need regular 
maintenance in the assem¬ 
bly building. 

The VLA antennas can be 
positioned in four main con¬ 
figurations. In the most 
dense configuration, all 27 
antennas are crowded inside 
an area with a diameter of 
only 4000 feet The most ex¬ 
tensive configuration is one 
in which the antennas are lo¬ 
cated in a pattern across the 
entire 21-mile span of the 
observatory. By combining 
the four configurations, one 
can achieve an effect which 
is similar to that of a zoom 
lens. In the most dense con¬ 
figuration, the VLA can ob¬ 
serve a large area of the sky, 
but with little detail. In the 
most extended configura¬ 
tion, it can study a small 
area of the sky in great de¬ 
tail. 


The resolving power of 
the VLA exceeds that of any 
other radio observatory. 
Only in sensitivity is it ex¬ 
ceeded by another radio 
observatory, the Arecibo ob¬ 
servatory in Puerto Rico (see 
"Stare-Way to Heaven." 73, 
August, 1984) The sensitiv¬ 
ity of a radio observatory to 
weak signals from space is 
related to its antenna area. 
The VLA array has a sensitiv¬ 
ity which would equal that 
of a single antenna, 430 feet 
in diameter. The Arecibo ob¬ 
servatory has a diameter of 
1000 feet. 

The control building at 
the VLA contains computers 
that analyze the signals 
from each antenna. These 
computers make millions of 
calculations each second in 
order to enable the observ¬ 
ing scientists to form an im¬ 
age of the object which is 
being observed, or to pro¬ 
duce the radio spectrum of 
the emissions from the ob¬ 
ject. The data also can be 
recorded on magnetic tape. 
In this way, an astronomer 
may not even have to be 
present at the observatory 
when his observations are 
made. The image of an ob¬ 
ject can be constructed days 
or even weeks after an obser¬ 
vation was made, through use 
of magnetic tape. 

Most of the observations 


at the VLA are processed 
into radio images that re¬ 
semble photographs. The re¬ 
sulting image presents the 
object as if one had a cam¬ 
era which was sensitive to 
radio waves instead of light 
waves. Colors are used to 
distinguish different levels 
of intensity in the received 
radio image. The final prod¬ 
uct of the VLA is usually an 
article in a scientific journal 
or publication describing 
new discoveries. 

The rotation of Earth 
is utilized as a tool by the 
VLA. As Earth rotates, 
the space between the Y- 
shaped arms of the observa¬ 
tory is gradually being filled 
in. After a few hours of ob¬ 
servation, data has been as¬ 
sembled, almost as if the 
array consisted of a solid re¬ 
flector measuring 21 miles 
from one end to the other. 
The resolution which can be 
achieved through this tech¬ 
nique is superior even to 
that of the largest optical 
telescopes. 

Much of the sensitive re¬ 
ceiving equipment and con¬ 
trol equipment which the 
VLA uses is developed in 
laboratories which are part 
of the VLA facility. A num¬ 
ber of improvements in the 
low-temperature refrigera¬ 
tion systems have also been 
developed by these labora¬ 
tories. 

Like other radio tele¬ 
scopes, the VLA is capable 


of observing the sky in broad 
daylight. The observatory is 
therefore in use around the 
clock. Astronomers from all 
over the world may com¬ 
pete for observing time at 
the VLA observatory. Allo¬ 
cation of observing time at 
the VLA is usually based on 
an evaluation of the scien¬ 
tific merit of each proposed 
set of observations. 

Space is filled with mag¬ 
netic fields of varying in¬ 
tensities. Whenever an elec¬ 
tron moves in a magnetic 
field, its movement is al¬ 
tered. Whenever an electron 
changes its speed or direc¬ 
tion, an electromagnetic 
wave is emitted, often at ra¬ 
dio wavelengths. The VLA 
and other radio observato¬ 
ries are therefore able to 
collect a great deal of infor¬ 
mation about the magnetic 
fields which may play an im¬ 
portant role in the formation 
of stars and galaxies. 

A lot of information can 
be obtained on a distant ob¬ 
ject through its rf spectrum. 
Many elements and chemi¬ 
cals have emissions which 
may be identified in this 
spectrum, and movements 
and temperatures in the ob¬ 
ject result in Doppler shifts 
and widening of the spectral 
lines. Through the spectrum, 
an astronomer can there¬ 
fore determine much of 
the chemical composition, 
movement, and tempera¬ 
ture of a distant object. 

The VLA is often used to 
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study the centers of distant 
and nearby galaxies. Even 
the center of our own galaxy 
can be observed by the VLA. 
The Iight from the central re¬ 
gion of the Milky Way is ob¬ 
scured from us by dust and 
gas which lies between the 
solar system and the center 
of our galaxy. The longer ra¬ 
dio waves are able to pene¬ 
trate all this dust and gas, 
however, so that they can 
produce radio images of our 
galactic center. These im¬ 
ages indicate that there is a 
lot of energy being radiated 
from violent processes near 
the center of our galaxy. Im¬ 
ages of other galaxies show 
similar powerful emissions 
from the center. Many as¬ 
tronomers believe that these 
observations can be ex¬ 
plained only by assuming 
that there are huge black 
holes near the centers of 
the Milky Way and other 
galaxies. 

Galaxies which emit 
much more energy in the ra¬ 
dio wavelengths than nor¬ 
mal galaxies are called radio 
galaxies. Many radio galax¬ 
ies have huge radio lobes 
that extend far beyond the 
visible limits of the galaxy. 
These radio lobes seem to 
originate near the center of 
these galaxies and appear to 
consist of charged particles 
that are streaming away 
from the center at velocities 
that approach the speed of 
light. Scientists at the VLA 
have devoted a lot of ob¬ 
serving time to the study of 
radio galaxies. One of the 
nearest of these galaxies is 
called Centaurus A. If the ra¬ 
dio lobes of Centaurus A 
could be seen in visible light, 
these would be one of the 
largest objects in the sky. 
The radio lobes of Centau¬ 
rus A cover a larger area of 
the sky than the full moon. 

The remants of superno¬ 
vas, or stars that exploded, 
are among the strongest 
emitters of radio waves in 
the Milky Way. A supernova 
explosion leaves a large ex¬ 
panding shell of hot gases 
and dust. At the center of 
this shell, a rapidly rotating 




participated in many re¬ 
search programs on quasars. 
The long time which the ra¬ 
dio waves from the quasars 
have spent underway means 
that when it is observing a 
quasar, the observatory is 
actually looking at an object 
as it appeared billions of 
years ago. 

Even greater resolution of 
distant objects than that 
which can be achieved with 
the VLA can be made possi¬ 
ble by combining the obser¬ 
vations from several obser¬ 
vatories across a continent. 
This is routinely being done 
by a network of radio ob¬ 
servatories which includes 
participants on both the east 
and west coasts of the Unit¬ 
ed States. The VLA itself 
participates in many of 
these studies. This type of 
observation, which is called 
Very Large Baseline Interfer¬ 
ometry, may even involve 
observatories on other con¬ 
tinents, such as in Europe 
and South America. If fund¬ 
ing for the project can be 
obtained from the US Con¬ 
gress, construction of a Very 
Large Baseline Interferome¬ 
try Array will start in a few 
years. This will consist of 10 
VLA-type antennas located 
at sites in Hawaii, Puerto 
Rico, and across the conti¬ 
nental United States. The 
movement of each of the 10 
separate antennas in this ar¬ 
ray will be controlled by a 
master computer in Socorro. 
This continent-wide array 
will thus act as an extension 
of the VLA and will allow us 
to observe many interesting 
objects in the sky in an 
amazing degree of detail. 

The Very Large Array wel¬ 
comes visitors to the obser¬ 
vatory. The VLA facility 
includes a visitor center 
which is open from 8:00 am 
until sunset every day. The 
visitor center contains dis¬ 
plays on radio astronomy 
and a detailed description of 
the array and how it is oper¬ 
ated. A self-guided tour is 
also available, so that a visi¬ 
tor may have access to 
many of the interesting facil¬ 
ities of the observatory. ■ 


neutron star can usually be 
found. The VLA has been 
used both for the mapping 
of many supernova shells in 
the Milky Way and in the 
search for rotating neutron 
stars. A rotating neutron star 
will appear as radio pulses 
that are repeated with such 
a regularity that these cos¬ 
mic lighthouses could be 
used to measure time. 


Some of the brightest ra¬ 
dio emitters in the universe 
are also among the most dis¬ 
tant objects in the sky. These 
objects are called quasars 
and are believed to be lo¬ 
cated near the center of ex¬ 
tremely distant galaxies. The 
radio waves from most of 
these sources have spent bil¬ 
lions of years in their jour¬ 
ney towards us. The VLA has 


VLA antenna on the rail transporter which is used to move 
the antennas from one site to another. 



D. A. Emmett ZS2RH 
PO Box 7%8 


Newton Park 
Port Elizabeth. 6055 
South Africa 


WARC for the FT-101E 

Here's how to join the fun on our new 12-meter band. 
And you'll be ready for 18 MHz , too! 


T he FT-101E series of 
transceivers has no pro¬ 
vision for the new bands, 
and since I am well satisfied 
with the operation of the 
FT-101E, I did not feel in¬ 
clined towards the expense 
of changing to one of the 
later models which in¬ 
cludes these new bands 

A thorough study of the 
schematic and the innards 
of the transceiver revealed 
that, with careful working 
and not rushing things, the 
modifications required 
would be relatively simple. 
(By the way, the handbook 
states for the "Aux" posi¬ 
tion of the bandswitch: 
"any 500-kHz coverage be¬ 
tween 14.5 and 28.0 MHz." 
Don't believe it; it works FB 


for 24.5, but certainly not 
for 18. I know; I tried it.) 

After consideration, it 
was decided to forfeit band 
10D, as 29.5-29.7 MHz is 
never used by me and this 
position was used for the 
24.5-MHz band. Simply 
plug in a 30.520-MHz crys¬ 
tal in place of the existing 
35.52-MHz crystal and 
retune TC23 to obtain the 
correct output at the test 
point on FB1181 (rf unit), 
namely 0.3 V rms on the rf 
voltmeter, and the rig will 
work perfectly on the 24.89- 
24.99-MHz band. There is no 
need to touch the alignment 
of the rf and driver stages 
TCs, as these are tied togeth¬ 
er for the 10m bands, and 
the inductance variation in 
the "preselect" tuning takes 


care of the lower frequency 
quite adequately. 

The 18-MHz band is put 
into the Aux position and re¬ 
quires a little work on the 
various circuits in addition 
to plugging in a 24.02-MHz 
crystal and tuning TC24 for 
the required 0.3-V-rms out¬ 
put to PB1181. Fortunately, 
all the work is done at the 
bandswitch, although the 
chassis must be removed 
from the cabinet to facili¬ 
tate working on the various 
switch sections. The chassis 
is upside down, and refer¬ 
ences to top and bottom 
refer to positions with the 
chassis so placed. 

In making the modifica¬ 
tions, each switch section 
should be worked on and 
completed separately. I 
started with the easy one, 
i.e., SWIM. The connection 
between the Aux and the 
10m lugs is removed and a 
heavy wire is soldered be¬ 
tween the Aux and the 15m 
lug. This completes SWIM. 

The various switch poles 
can be identified and 
checked by setting the 
bandswitch to the required 
position and checking the 
rotor wiper blade which will 
be in the required position. 
This is important when 
working on the other switch 
wafers as there is very little 
space, and without a good 
light spotted on the wafer 
being worked on, it is almost 


impossible to see anything. 
In addition, a soldering iron 
with a long, thin bit should 
be used because of the lack 
of space for working. 

I next tackled SWIG. It 
will be seen from the sche¬ 
matic that there are no con¬ 
nections to the Aux and 10m 
switch lugs so that the only 
thing to do is to connect the 
Aux lug to the 15m lug. This 
is a little awkward, and the 
reason for the long, thin bit 
on the soldering iron will be 
obvious. Note that SWIG is 
the 8th wafer from the front, 
not the 7th as would be ex¬ 
pected. It is in the driver 
plate compartment 

SW1E is the most difficult 
and awkward; this is the 5th 
wafer from the front. The 
first thing is to break the 
connection from the Aux lug 
to the 10m lugs. As this lug is 
on the bottom of the switch, 
ordinary cutters cannot be 
used: There is only about 
3/8" working space. I over¬ 
came the difficulty by using 
a very thin round file, and 
slowly filing through the 
connecting wire. This re¬ 
quires a great deal of care 
and patience. When this was 
completed, the short pieces 
of wire that remained were 
bent out of the way. From 
the Aux lug, a white wire 
goes to TC5; this connection 
to TC5 is removed at the 
trimmer PCB, and the white 



Fig. 7. Modified bandswitch (from rear). 
22 73 for Radio Amateurs • July, 1985 



Band Preselect Plate Load 


28 9.2-9. 

24.5 8.0 

21 8.8 

18 7.3 

14 7.0 

7(low) 5.1 

3.5(low) 3.2 

Table 1. 


8.7-9.1 3.0 

7.5 2.6 

7.9 2.0 

6.9 2.0 

7.0 2.0 

4.5 3.0 

2.3 2.0 

Dial readings. 


wire is used to connect the 
Aux lug to the 15m lug. A 
new wire is soldered to the 
10m lugs at the top of the 
switch wafer and then 
connected to TC5 The 15m 
lug is already connected to 
TC4 and needs no further at¬ 
tention 

The modification of 
SW1C. 3rd wafer from the 
front, proved easier than at 
first expected I started by 
removing the connection 
between the Aux and 10m 
lugs positioned on top of the 
switch wafer. A wire is sol¬ 
dered to the Aux lug and fed 
over and soldered to TCI 4 
(15m trimmer); this connec¬ 
tion is made on top of the 
trimmer PCB. 

At this point, I put the 
whole rig together again and 
fired it up to check tuning 
and performance into a 
dummy load. Everything 
was FB on all bands except 
18 MHz. There was not 
enough capacity in the one 
section of VC2, which is used 
on 15 MHz and above, to 


load the output satisfactori¬ 
ly. So, the rig was opened up 
again as it was obvious that 
more capacity had to be in¬ 
troduced in the loading for 
the 18-MHz band. 

After much thought and 
study, I decided to modify 
SW1 L by adding a new con¬ 
tact lug at the Aux position 
on top of the wafer. A lug 
was removed from an un¬ 
used spare rotary switch 
that was on hand; this was 
done by carefully drilling it 
out and removing the rivet 
holding it. This lug was then 
mounted in position on 
SW1L using a very small bolt 
and nut, and a stiff wire 
bridged it over to the 160m 
lug on the switch. (A spot of 
solder on the nut and bolt 
prevents movement.) The 
lug must be carefully posi¬ 
tioned and set so that the 
rotor wiper arm makes a 
good clean contact and 
moves smoothly. 

The rig was now reassem¬ 
bled and tested into the 
dummy All bands, includ¬ 


ing 18 MHz, were now capa¬ 
ble of being tuned normally. 
The measured outputs into 
the dummy (CW tested) were 
110 Watts on 24.5 and 28 
MHz and 125 Watts on 18 
MHz and other bands. 

As these bands have been 
available in ZS for over a 
year, an air test using a very 
rough and ready dipole, 
badly installed, produced 
two TR8 stations on the first 
CQ call. 

As a guide, the dial read¬ 
ings given in Table 1 for the 
various controls are as re¬ 
corded by the writer. Differ¬ 
ent installations will pro¬ 
duce variations. 

Upon consideration, and 


with a good deal of hind¬ 
sight, it would seem that 
SW1 L need not be modified. 
The addition of a 200-pF 
(1,000-V) capacitor in paral¬ 
lel with VC2 (the front sec¬ 
tion which is in circuit on all 
bands) would provide ample 
capacitance for loading on 
18 MHz and would only 
cause the tuning of the other 
bands to be moved towards 
the center of the load dial 
I have ignored the modifi¬ 
cation to put the FT-101E 
series on 10 MHz, first be¬ 
cause it was admirably 
covered by WB9DDF in the 
November. 1983, issue of 73, 
and second that band does 
not interest me. ■ 



























The Dayton Downlink 

Optimizing your OSCAR downlink system can be frustrating. 
Use this easy method to measure your improvements 
and know just when to stop. 


lerome T. Di/ak W9/D/8 
4854 Leatburrow Drive 
Dayton OH 45424 


I n designing a downlink 
station for AMSAT-OS- 
CAR 10 satellite reception, 
the main goal is to develop a 
setup where system noise is 
as low as possible compared 
to the extremely weak sig¬ 
nals coming from the satel¬ 
lite. Sounds simple enough, 
but it is important to be able 
to characterize the perfor¬ 
mance of the system as it is 
being assembled so that 
when you are finished, you 
can at least rest assured that 
you have done the best you 
possibly could. 

I have read in several pub¬ 
lications that, at 146 MHz, 
system noise will be limited 
by the inherent noise in the 
downlink electronics. If and 
when this is the case, the op¬ 
timum downlink is the one 


with the lowest possible 
noise figure. My experience 
has been, however, that sys¬ 
tem noise is often limited by 
external or atmospheric 
noise (that which is picked 
up by the antenna) and not 
by the noise produced with¬ 
in the electronics. When this 
is the case, no improvement 
will be gained by further re¬ 
duction of the noise from 
the equipment 

This article will describe 
techniques for characteriz¬ 
ing the internal and external 
sources of noise affecting an 
OSCAR Phase III satellite 
downlink station and will as¬ 
sume the availability of only 
an ac voltmeter and an rf 50- 
Ohm termination as test 
equipment It is written with 


the 146-MHz downlink sig¬ 
nal of AO-10 in mind, but 
the techniques could be ap¬ 
plied at other frequencies as 
well. 

Terms 

I'll be using some terms 
which may not be familiar 
to all readers. By "intrinsic 
noise" I mean all noise 
sources inherent to the elec¬ 
tronics of the receiving sys¬ 
tem, while "extrinsic noise" 
refers to all noise sources ex¬ 
ternal to the receiving sys¬ 
tem (i.e., picked up by the 
antenna), whether they be 
man-made or natural. 

"Noise figure" is a figure 
of merit for an amplifier or 
receiving system. It is ex¬ 
pressed in decibels (dB) and 
the lower the number, the 
better. A typical mediocre 
noise figure at 146 MHz is 4 
dB, while a really good one 
would be 0.5 dB. 

"System noise floor" re¬ 
fers to the baseline audio 
noise output of a receive 
system when the antenna is 
connected and no signals 
are present. It represents the 
combined effects of both in¬ 
trinsic and extrinsic noise 
sources and is the reference 
level for system signal-to- 
noise measurements. 


Test Signal Source 

To make noise measure¬ 
ments on our system we 
need a very weak "signal" 
source. It turns out that 
most of the time the noise 
simply picked up by the an¬ 
tenna will be an adequate 
signal for our measure¬ 
ments. It may be a little hard 
at first to think of noise as 
signal, but in this case it will 
work just fine. 

The goal is to develop 
your receiving system so 
that its intrinsic noise is less 
than that coming from the 
antenna naturally, so using 
the antenna noise as a 
source in doing our mea¬ 
surements is very logical 
and effective. 

If you cannot hear any in¬ 
crease in output noise from 
your system when connect¬ 
ing an external antenna 
(compared to the noise out¬ 
put with a 50-Ohm termina¬ 
tion at the rf input), then 
your intrinsic noise already 
dominates your signal-to- 
noise ratio and you may 
wish to start taking steps to 
reduce the intrinsic noise 
of your system (discussed 
later). In this case, since the 
antenna noise is not strong 
enough to hear, you will 
need to use a simple diode 



vouketes 

Fig. 1. Basic noise test setup. 
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noise generator (see the 
ARRL Handbook, among 
other sources) as a noise 
source for the measure¬ 
ments described below 

Noise Measurements 

Fig. 1 shows the equip¬ 
ment configuration for mak¬ 
ing noise measurements 
with simple equipment. We 
will not have the capability 
to establish an absolute 
noise figure for our system 
(we do not assume the avail¬ 
ability of a calibrated noise 
source or a true noise figure 
meter), but we really don't 
need that anyway. We are 
really just interested in opti¬ 
mizing our system for mini¬ 
mum intrinsic noise, which 
can be done adequately 
with simple equipment. 

The "receiver" may be ei¬ 
ther a true 2-meter receiver 
or a 2-meter downconverter 
in front of an HF receiver. 
For this discussion, the dis¬ 
tinction is unimportant. The 
audio output is routed to a 
speaker (or headhones) as 
well as to a high-impedance 
audio (ac) voltmeter. The 
noise levels to be measured 
will probably vary some¬ 
what, so an analog meter 
wil| be best for "eyeball 
averaging" readings when 
necessary. 

The voltmeter provides a 
very good way to obtain an 
avenged reading of the 
noise levels. The speaker is 
used to monitor the audio to 
enstire that we always are 
dealing with just random 
noise and not intermodula¬ 
tion products or other spuri¬ 
ous signals which might 
show up at times. 

The basic procedure is 
quite simple. With the rf in¬ 
put terminated with a 50- 
Ohm termination, fix the rf 
gain full open with avc dis¬ 
abled and adjust the af gain 
of the receiver for a level 
which produces a 10-20% 
meter deflection on the volt¬ 
meter. This establishes the 
reference noise level 

(You may notice that your 
receiving system is quieter 
with nothing at all connect¬ 
ed to its rf input than it is 
when its input is terminated 


in the proper characteristic 
impedance, but the untermi¬ 
nated case is an unrealistic 
operating condition and is 
not of any use to us.) 

Then, after changes are 
made (perhaps just connect¬ 
ing the antenna), note the 
new audio output level that 
is obtained without chang¬ 
ing any of the receiver gain 
controls. The ratio of these 
two voltages provides a di¬ 
rect measurement of the sig- 
nal-to-noise ratio (actually 
the (S + N)/N ratio) for the 
system under test. We will 
be interested in making this 
type of measurement under 
a variety of conditions. 

We will always want to 
deal in decibel ratios. If you 
happen to have a meter with 
a scale calibrated in dB, you 
have it easy. If not, you may 
use a pocket calculator to 
apply the formula dB = 20 
logio(V-t/V2). where V-| and 
V2 are the two voltages be¬ 
ing compared. 

Characterizing Intrinsic 
and Extrinsic Noise 

The first item of interest is 
to compare the extrinsic 
noise to the intrinsic noise 
We use the setup shown in 
Fig. 2, where we assume that 
a complete downlink station 
has been assembled. At the 
point where the feedline 
connects to the receiver, we 
also prepare a 50-Ohm ter¬ 
mination plug (preferably 
shielded). For the moment, 
we assume nothing about 
the quality of the receiving 
system or its intrinsic noise. 

The procedure is to install 
the 50-Ohm termination at 
the receiver's rf input, adjust 
the audio level to a 10-20% 
deflection voltmeter read¬ 
ing (with the rf gain at maxi¬ 
mum and avc disabled), and 
make note of this level. 
Then remove the termina¬ 
tion and connect the anten¬ 
na and feedline. One of two 
things will happen: Either 
the noise level will increase 
(indicating that the extrinsic 
noise level is greater than 
or equal to the system in¬ 
trinsic noise) or the noise 
level will not change (in¬ 
dicating that the extrinsic 


Fig 2. Characterization of intrinsic and extrinsic noise. 


noise level is negligible 
when compared to the sys¬ 
tem intrinsic noise). 

In the first case, you need 
do nothing further to de¬ 
crease the noise figure of 
your receiving system. The 
output noise level is already 
being dominated by the ex¬ 
trinsic, atmospheric noise, 
and lowering the intrinsic 
noise of the equipment will 
have no noticeable effect 
on the output signal-to-noise 
ratio. 

In the second case, the 
overall system noise floor is 
being dominated by the in¬ 
trinsic noise of the equip¬ 
ment and if you can take 
steps to decrease this, you 
can decrease your overall 
system noise level and im¬ 
prove your output signal-to- 
noise ratio. This is the more 
desirable situation, since it 
allows you to do something 
to improve system perfor¬ 
mance. Once you reach the 
level of the extrinsic noise in 
your location, however, you 
can improve things no fur¬ 
ther—unless you can first 
do something to reduce the 
extrinsic noise at your an¬ 
tenna. 

Reducing Intrinsic Noise 

If intrinsic noise is domi¬ 
nating your system, do what 
you can to reduce it. Be¬ 
yond obvious problems like 
hum and noisy power sup¬ 
plies, however, you quickly 
get into a "black art" area 
where creativity, experi¬ 
ence, and patience are the 
tools used to tune a receiv¬ 
ing system for minimum in¬ 
trinsic noise. With the ex¬ 
ception of simply adding a 
preamp, a discussion of 
noise reduction techniques 
is beyond the scope of this 
article. If you want to get in¬ 


to this area, my advice 
would be to find a wise local 
expert and enlist his aid. 

On the other hand, a rela¬ 
tively easy route to a quieter 
receive system is to add a 
high-quality preamplifier in 
front of it Since the intrinsic 
noise of a receiving system 
is primarily determined by 
the characteristics of its first 
few stages, adding a state- 
of-the-art, low-noise, high- 
gain preamp is one of the 
easiest and most effective 
means of reducing intrinsic 
noise. 

A good preamp produces 
lots of gain, typically 15-25 
dB, while introducing very 
little additional noise; the 
gain (and noise generation) 
of the rest of the receive sys¬ 
tem can therefore be greatly 
reduced, with the result that 
the audio output signal-to- 
noise ratio is improved. 

Fig. 3 shows some typical 
equipment configurations. 
If we assume an initial con¬ 
figuration something like 
that in Fig. 3(a), then we have 
the option of going to a con¬ 
figuration like that in Fig. 
3(b) or 3(c) to reduce intrin¬ 
sic noise. (Where we assume 
that the preamp is one with 
a better noise figure than 
the existing front end of the 
receiver.) 

I recommend that you 
first try the configuration in 
Fig. 3(b), and after installing 
the preamp, again check the 
extrinsic noise. Remember 
that we started with a situa¬ 
tion where the intrinsic 
noise was dominant (negligi¬ 
ble increase in output noise 
level observed when the an¬ 
tenna was connected), but 
now you should have re¬ 
duced the intrinsic noise 
considerably by installing 
the preamp; you need to see 
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and then tune away from 
the satellite signals and try 
to find a beam direction in 
that general area of the sky 
that also minimizes the 
noise pickup. The idea be¬ 
ing, or course, to maximize 
the ratio of received signal 
to received noise at the re¬ 
ceiving system's input ter¬ 
minal. 

Note that if your system 
noise floor is dominated by 
extrinsic sources, you may 
not notice any improvement 
in output signal-to-noise 
ratio by installing a larger, 
higher-gain antenna. De¬ 
pending upon the side-lobe 
Fig. 3. System configurations. gains of the antennas as in¬ 

stalled, the ratio of satellite 

how the intrinsic noise and you have a 10-dB gain an- signal to noise signals may 

extrinsic noise compare tenna increase, decrease, or not 

now. One word of warning, change at all when changing 

If you find that the system High-gain preamps some- antennas since the noise 

noise floor is now being times have a tendency to os- sources in your environment 

dominated by the extrinsic cillate, especially if not ter- a re likely to be distributed in 

noise, you may stop, since minated in impedances of azimuth around you. 

any further reduction in in- exactly 50 Ohms, resistive, 
trinsic noise will not be no- at input and output. If you Circular Polarization 
ticeable once the antenna is find a lot of noise coming All available literature 
connected. out of your preamp-either strongly recommends right- 

But if you find that the in- sporadically, like lightning hand circular polarization 
trinsic noise is still dominant crashes, or continuously— (RHCP) for your AO-10 an- 
and you want to take a little your preamp may be oscil- tennas. I will not contradict 
more trouble to reduce it lating. this advice since intuitively 

further, you can go to a con- RHCP seems like the right 

figuration like that shown in Antennas thing to use b ut my 0 b ser _ 

Fig. 3(c), with the preamp You will want to use a vations of the AO-10 beacon 

mounted right at the anten- gain antenna of some sort, signal as well as general 

na. This is the optimum con- preferably about 10 dB gain signals in the passband have 

figuration for minimum or more, and it is a good idea shown that antenna polari- 

noise figure, but the incon- to spend some time charac- zation (whether linear or cir- 

venience of it is only war- terizing the "noisiness" of cular of either sense) usually 

ranted if the extrinsic noise your environment at various makes no observable differ- 

is still below the intrinsic azimuths and elevations, ence in the strength or quali- 

noise with the preamp in- Having done this, you will ty of the downlink signals I 

stalled at the receiver. know in advance those have not heard any credible 

If after going to this con- beam headings that can be explanation for this phe- 

figuration you find that your expected to produce good nomenon, nor will I attempt 

system noise floor is still and bad signal-to-noise ra- to offer one. 

dominated by the intrinsic tios for the same strength of Sometimes RHCP does 
noise, then you are either in satellite signal. Keep in work better than the others, 
a very quiet locale (lucky mind, however, that the but even with RHCP there is 
you) or you have a noisy pre- noise sources in the environ- usually very strong spin 
amp. In any case, if you are ment around you may modulation (fading) on the 
still in the game at this point, change with time, so consid- signals 
the next step is to buy or er this just a general deter- 

build a better and quieter mination of good and bad A Case Study 

preamp. But if you have areas. It might be interesting to 

done everything right up to For any particular oper- relate the results of this sort 
this point and there are no ating occasion, the opti- of characterization on my 
serious problems with your mum procedure is to first downlink station, 
equipment, you should be determine the beam direc- My baseline 146-MHz re- 
able to hear the satellite fair- tion (azimuth and elevation) ceive system consists of an 
ly well (a 10-dB output sig- that yields the strongest Advanced Receiver Re- 

nal-to-noise ratio or better) if signal from the satellite search (ARR) R144VD down- 
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converter working into a 
Drake R-4 running at 30 MHz 
The R144VD has a noise 
figure specification of less 
than 1.8 dB. My preamp is 
an ARR PI44VDG GaAsFET 
unit with a noise figure of 
less than 0.5 dB and gain of 
better than 24 dB, as speci¬ 
fied by the manufacturer. 
(These absolute perfor¬ 
mance figures were not 
checked by measurement, 
due to lack of test equip¬ 
ment. The preamp and con¬ 
verter were both new. how¬ 
ever, at the time of the mea¬ 
surements which follow.) 

The antenna used for 
these tests was a 4-element 
linearly-polarized quad with 
a measured gain of 9 dB over 
a dipole. 

The series of tests de¬ 
scribed in this article were 
carried out on this sytem, 
with several interesting 
results. The act of adding 
the preamp to the system at 
the downconverter (the con¬ 
figuration shown in Fig. 3(b)) 
improved the output (S + N)/ 
N ratio by about 3.4 dB over 
that obtained with the con¬ 
figuration of Fig. 3(a). 

Installing the preamp at 
the antenna (the Fig. 3(c) 
configuration) instead of at 
the converter improved the 
output (S + N)/N ratio by 
another 3.5 dB. (The feedline 
involved here is 85 feet of 
new RG-213 with a mea¬ 
sured loss of 0 87 dB at 146 
MHz.) 

Even with the basic Fig. 
3(a) system configuration, 
however, the local atmo¬ 
spheric noise averages 3-10 
dB above the system intrin¬ 
sic noise, while the AO-10 
beacon signal appears at 3 
to 10 dB above the local 
noise at various times. If 
local noise were not pres¬ 
ent, I would be able to hear 
the satellite's beacon with a 
quite respectable signal-to- 
noise ratio of 10 to 20 dB 
though, even without a 
preamp. 

Since in this case the local 
noise exceeds the intrinsic 
noise even without the pre¬ 
amp, the reduction in sys¬ 
tem noise due to adding the 
preamp has no effect on 
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output signal-to-noise ratio 
Were I in a very quiet loca¬ 
tion, however, adding the 
preamp mounted at the an¬ 
tenna would improve the 
output signal-to-noise ratio 
by 6.9 dB, which would be 
significant 

I do use the preamp in my 
system anyway, however, 
because of a secondary ben¬ 
efit. I use a computer in my 
station and it generates 
quite a bit of spurious rf at 
30 MHz; these spurs are 
strong enough to degrade 
the reception quality of the 
weak satellite signals when 
no preamp is in use Since 
the preamp boosts the sig¬ 
nal levels at the 30-MHz i-f 
by 24 dB, however, it places 
the desired signals well 
above the computer spurs 
and improves the reception 
quality in that way, even 
though my output signal-to- 
noise ratio due to thermal 
noise is still dominated by 
the extrinsic noise and 
therefore is not improved by 
the preamp. 


Summary 

I have described a 
of simple tests that 


the noise performance of 
that system relative to the 
local noise environment. 
This type of characteriza¬ 
tion is much more mean¬ 
ingful than an absolute char¬ 
acterization, such as a stan¬ 
dard noise figure test, since 
the effects of the local en¬ 
vironment are considered 

Using these procedures it 
is possible to determine in 
advance whether or not the 
addition of a preamp to a 
system is likely to improve 
output signal-to-noise ratio, 
as wel I as whether or not it is 
worth the inconvenience of 
mounting the preamp at the 
antenna. 

In the end, you may not 
be happy with the quality of 
the downlink signals at your 
station, but at least you'll 
know why they are the way 
they are.B 


Microlog Corp. has 
many different digital com¬ 
munication systems for 
commercial, maritime, mil- 




itary as well as amateur 

radio service. We were the first to advertise an 
AMTOR terminal and we are one of the few ham 
radio manufacturers to supply "SITOR" equipment 
for the critical Maritime Telex System. 

In testing various available AMTOR programs, 
we have found in some of them a very' low tolerance 
for bit-rate timing error. Some programs “bomb” 
on as little as 2 parts in 10000 (0.02%) timing dif¬ 
ference which is possible with computer crystal 
variations. This indicates an inability to adequately 
perform "bit synchronization”* in their decoding 
algorithms. This is totally apart from the necessary 
master/slave timing lock in AMTOR and operates to 
"fine tune" the individual 10 millisecond bit timing. 
In a non-synchronous code such as Baudot or 
ASCII, this bit sync occurs naturally with each stop 
bit. But with the synchronous ARQ code as used in 
AMTOR, which has no start/stop bit, a very sophis¬ 
ticated decoding algorithm is required so that minor 
timing differences between two terminals can be 
quickly compensated for. Without this, synchron¬ 
ous code operation is eventually lost as the two 


||l ■ |_ clocks ‘lose” each other. 

I I . J£I J Our new high sample rate 
1 I "bit sync” AMTOR algo- 

WH0RRW0- Hr rithm can follow timing 

errors far in excess of ex¬ 
pected system clock variations. It is of course, com¬ 
patible with all known SITOR/AMTOR protocols 
and will allow operation with systems previously im¬ 
possible because of clock deviations. This tracking is 
fully automatic and does not require typing control 
commands to manually alter system timing as 
required in some programs. 

If you own an Air-1 with AMTOR. we will sup¬ 
ply you with an updated set of “high rate bit sync 
AMTOR + ” ROMS plus as a bonus, a disk which 
contains the real-time disk communicator and ASCII 
Tokenizer programs for sending programs over the 
air. Just send in yourpresent ROMS (two 2764‘s with 
their labels intact) and $35. Well rush you the new 
ones. 

If you have an Airdisk. send it w ith $10 for the 
update. Send to Microlog Corporation, 18713 
Moonev Drive, Gaithersburg, MD 20879. Tel: 301 
258 - 8400 . 
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The 30-Meter-Plus Receiver 

Explore the world of 10 MHz with a solid-state receiver 
you've built yourself! We've come a long way 
since oatmeal boxes and cats'whiskers. 


M ost of the older ama- tuning range from the oscil- vides the majority of the re- 
teur rigs have no pro- lator, which is about 4.3 center's gain. To keep things 
vision for the 30-meter band MHz in this case. simple, no age is used. It is 

or for receiving the commer- The output of the mixer is not necessary on CW and 
cial CW and broadcast sta- fed through a tuned circuit the manual i-f gain control 
tions that also occupy the with a link output to a Heath on the front panel is ade- 
HF region. The receiver de- filter of 2.1-kHz bandwidth quate for the purpose. The 
scribed in this article tunes and 3.395-MHz center fre- output of this stage is taken 
7.8 MHz to 12.1 MHz, which quency. The filter was a gift through a link from L4. This 
includes commercial CW from KI4FJ, who replaced transformer is single-tuned 
and RTTY stations, SWBC, the filter in his SB-101 with a and peaked by the 300-pF 
WWV, and the 30-meter am- Fox-Tango filter. The 2.1- trimmer in parallel with it. 
ateur band. It is simple to kHz bandwidth is suitable The detector is the old 
build, easy to get operating, for the CW and RTTY sta- standard single diode which 
and doesn't cost a mint tions that are found in the re- functions well on AM. When 
Fig. 1 shows the block dia- ceiver's tuning range. It is an adequate amount of bfo 
gram of the receiver and the also acceptable for AM re- energy is applied, it func- 
schematics are shown in ception when the receiver is tions as a detector for CW, 
Figs. 2, 3, and 4. A single tuned to either side of the RTTY, and SSB. It was cho- 
tuned circuit matches the carrier frequency. sen for its simplicity and low 

antenna to the mixer and The i-f amplifier is a single partscount. 
peaks the desired signal. A 1C which provides better The bfo is a Colpitts crys- 
dual-gate MOSFET is used than 40 dB gain and pro- tal oscillator which was cho- 
for the mixer, as it has a 
good noise figure and pro¬ 
vides some gain, thus reduc¬ 
ing the total number of 
stages in the receiver. 

The vfo uses a JFET as a 
Hartley oscillator and an¬ 
other dual-gate MOSFET as 
a buffer amplifier. It is mod¬ 
eled on the W7ZOI and 
K5IRK design 1 but does not 
use the padding capaci- Fig. 1. Block diagram. The receiver operates on 12Vdc, uses 
tance. This was left out in or- low-impedance earphones or a speaker, and requires a low- 
der to obtain the maximum impedance antenna. 

30 73 tor Radio Amateurs • July, 1985 



sen for its simplicity and 
output. The switch from AM 
to CW operation is accom¬ 
plished simply by switching 
the bfo's operating voltage 
on. 

The audio section con¬ 
sists of two stages, a bipolar 
preamplifier and an 1C au¬ 
dio power amplifier. The bi¬ 
polar stage is necessary due 
to the small number of ac¬ 
tive stages ahead of the de¬ 
tector. There is sufficient 
gain for a small speaker and 
enough to blast a set of low- 
impedance earphones. 

Circuit Details 

All coils were wound on 
toroid cores which were pur¬ 
chased from Amidon Asso¬ 
ciates. 2 Due to the large 
tuning range and the narrow 
filter, a gear reduction drive 
on the vfo tuning capacitor 
is a necessity. I used a WWII 
government-surplus capaci¬ 
tor from an ARC-5 transmit¬ 
ter which tuned 7.0 to 9.1 
MHz. This was obtained at a 
hamfest but should also be 
available from other sources 
at a reasonable price.* It has 
a built-in gear reduction 
drive providing approxi¬ 
mately a 49:1 turns ratio. 



and a dial is also included. 
The unit provides less than 
100 kHz of coverage per 
turn of the tuning knob, 
which allows easy tuning on 
CW. I covered the original 
dial numbers with a black 
felt pen and used typewriter 
erasure fluid for the new 
marks. The original small 
tuning knob was replaced 
with a large two-inch-diam- 
eter knob for more tuning 
ease. The cost of the surplus 
unit is less than the price of 
a new double-bearing ca¬ 
pacitor, gear reduction 
drive, and dial when pur¬ 
chased separately. 

My receiver is built in 
modular fashion The two 
ICs can be mounted on pre¬ 
drilled boards such as those 
available from Radio 
Shack.'* The other circuits 
can be wired on pieces of PC 
board in point-to-point 
"ugly" style. 5 This allows 
quick and easy construction 
and modification I used a 
combination of etched 
boards and ugly boards in 
my receiver. 

The crystal in the bfo was 
purchased at a hamfest. It 
should be available from 
Heath or it could be ordered 
from one of several crystal 
manufacturers. 6 

My receiver was built in 
an aluminum cabinet which 
measures 3-1/2 inches high. 8 
inches wide, and 9-1/2 inches 
deep. This was purchased at 
a hamfest for less than three 
dollars. Allow plenty of 
room for the front-panel 
controls: vfo knob and dial, 
antenna peaking knob, i-f 
gain knob, AM/CW switch 
(bfo power), af gain knob, 
earphone jack, and on/off 
switch. The rear panel con¬ 
tains a power connector and 
antenna jack. The receiver 
could easily be built in a 
smaller cabinet, but I like to 
have extra room for servic¬ 
ing and modifications. 

Construction 

The following sequence is 
recommended. Build the 
LM380 section first, then the 
preamp, the i-f, the detector, 
the bfo, the vfo, and finally 



Cl 170-pF capacitor from ARC-5 transmitter 

C2 1.5-5.4-pF air trimmer 

LI 44 turns, tapped at 12 turns above ground on Amidon T50-6 
L2 24 turns wound on Amidon T68-2; 3-tum link to antenna 
L3 50 turns wound on Amidon T50-2; 22-tum link to filter 
XFMR 18 turns wound on Amidon FT37-43; 3-tum link to mixer 

Filter is Heath part number 404-200 (Made by James Knight Company), 2.1-kHz bandwidth, 3.395- 
MHz center frequency. 

Note: #28 enameled copper wire was used for all windings. 

Fig. 2. Schematic of mixer, filter, and vfo sections. 

the mixer. The bfo can be bfo from the i-f to the drain If a frequency counter is 
used as a signal generator to lead of the mixer. Discon- available, dial calibration is 
align the i-f transformers. nect the filter from the cir- easy, as the vfo operates 
To do this, first discon- cuit and connect the link of 3.395 MHz lower in fre- 
nect the bfo output from the L3 to the coupling capacitor quency than the tuned fre- 
detector and reconnect it to going to pin 4 of the i-f am- quency. The dial can be 
pin 4 of the i-f amplifier, plifier. Turn on the power calibrated by connecting 
Plug in a set of earphones and adjust the 300-pF trim- the counter to the output of 
and turn on the power. Ad- mer in parallel with L3 as the vfo and adding 3.395 
just the 300-pF trimmer in you did the other for maxi- MHz to the counter's read- 
parallel with L4 for maxi- mum output. Turn off the ing. For example, to tune 
mum noise or hiss output, power and reconnect the fiI- 10 1 MHz, set the vfo to 
Use a nonmetallic tool for ter in the circuit and connect 6.705 MHz. 
this. Next, turn off the power the output of the bfo to the If a counter is not avail- 
and move the output of the anode of the detector. able, the following can be 



Fig. 3. Detector, i-f amplifier, and bfo schematic. 
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tf-A, 


FT 


used for approximate dial 
markings: Without an an¬ 
tenna, turn on the receiver 
and the bfo. Tune for the 
bfo's third harmonic at 
about 10 191 MHz. This 
should be easy to locate and 
will be found approximately 
at the midpoint of the dial. 
Next, connect the antenna 
and tune a little lower in fre¬ 
quency. The lowest fre¬ 
quency occurs when the 
vfo's capacitor is fully 
meshed and the antenna ca¬ 
pacitor is almost fully 
meshed. If the time of day 
and conditions are right, you 
should be able to find WWV 


Fig. 4. Audio section. 

at 10 MHz. The 30-meter 
band, 10.1-10.15 MHz, will 
be found between WWV 
and the bfo's harmonic. You 
will find the 31-meter SWBC 
band just below WWV and 
the 8.5-MHz commercial 
CW band a bit further down. 
The 25-meter SWBC band 
will be found near the top of 
the vfo's range. If a crystal 
calibrator is available, addi¬ 
tional tuning marks can be 
made as you wish. 

To operate the receiver, 
set the i-f gain at maximum 
and peak the antenna ca¬ 
pacitor for maximum noise 
with an antenna connected. 


The receiver is most sensi¬ 
tive when the bfo is turned 
on, so it is left on even when 
tuning in an AM station. 
Once the station is found, 
the bfo is turned off and the 
receiver is fine-tuned for 
best audio response. The af 
gain control is set for a com¬ 
fortable listening level and 
the i-f gain is adjusted to pre- 
vent overloading of the 
detector. CW and RTTY sta¬ 
tions are tuned in a similar 
manner, except that the bfo 
is left on. The antenna tun¬ 
ing capacitor will be quite 
sharp at low frequencies 
and will require frequent ad¬ 


justment. At the upper end 
of the dial, frequent adjust¬ 
ment will not be necessary. 

I have had a lot of plea¬ 
sure from this receiver and 
hope that you will, too. If 
you have any questions or 
comments I will try to an¬ 
swer them if you enclose an 
SASE.B 
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HI-TECH MODULES 

DIGITAL FREQUENCY SYNTHESIZER 


PHASE LOCK LOOP HFO 

LATCH 



FEATURES: 

1) 5.0 TO 5.5 MHz TUNING RANGE 

2) 100 Hz STEPS 

3 ) STD BUS PLUG BOARD FORMAT 
< 6 x 4.5, 56 PIN EDGE FINGERS ) 

4) 3.0 Vp-p OUTPUT INTO A 50 OHM LOAD 

WIRED & TESTED $ 98.00 
NYS ADDRESSES ADD 7.5% 

OTHER MODULES AVAILABLE CALL OR WRITE: 

Electronic Systems Consultants, Inc. 


TRANSVERTERS 


WORK THE U.H.F. BANDS 


m module- a-a.IaWe for l)\. OSC AR, 

MMT 50-28 *199.95 
MMT 144-28 *179.95 
MMT 432-28 (S) *269.95 
MMT 439-ATV $339.95 
MMT 1296-144 *299.95 
OTHER MODELS AVA11 ABLE 


POWER AMPLIFIERS w 

all models include RF VOX & Low Nr 
(no pre-amp in MML432-100) 

2 Meter-: IM»W output MMLI44- Mst-LS 


1296-LY *49.95 

10XY-2M *69.95 

70 cm/MBM 28 *39.95 
70 cm/MBM 48 *59.95 
70 cm/MBM 88 *89.95 



70/MBM 41 

Send 44c stamps for full details 
jr VHF/UHF items. 


Pre-selector filters Pre-amplifiers Amen 


• t-ow-pass filters 
Varactor trtpiers 


Spectrum International, Inc. 
Post Office Box 10*48 
Concord, Mass. 01742 USA 
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Raymond W. Ketchledge 
1785 Chadwick Road 
Englewood FL 3.3533 


The Incredible Inducto-Gauge 

Measure coils with impunity! Better yet, measure them 
with this weekend project: a do-it-yourself inductance meter. 


O ne of our measuring in¬ 
struments is missing! 
We have capacitance me¬ 


ters, ohmmeters, and fre¬ 
quency counters, to say 
nothing of volt and current 


meters. But we don't have a 
small inexpensive instru¬ 
ment for inductance (L) and 
Q. Impedance bridge and 
similar methods are costly 
and often limited in frequen¬ 
cy range. What one would 
like to do is to be able to 
measure inductance from 
small fractions of a micro¬ 
henry to thousands of henrys 
and do it from a few Hertz 
to tens of megahertz With 
the I. Meter and a frequen¬ 
cy counter you can now 
measure inductance and 
find the resonant frequency 
of tuned circuits as well 
The L Meter is different in 
that it provides the unknown 
inductance not only with a 
selectable tuning capacitor 
but also with an adjustable 
negative resistance to make 
it oscillate The counter 
measures the frequency of 


oscillation and. knowing the 
tuning-capacitor value, per¬ 
mits the inductance to be 
calculated. Of course, much 
of the time the use of a re¬ 
actance chart to find the in- 
ductance is accurate 
enough The reactance 
chart also gives the react¬ 
ance, X, of the coil, and the L 
Meter gives the anti-reso- 
nant impedance, QX. The ra¬ 
tio is Q so you can also find 
shorted turns, etc. If you 
have a TI-58 or -59 calcula¬ 
tor with the electrical engi¬ 
neering module, these 
calculations are easily done 
with program EE-11, React¬ 
ance Chart 

I he heart of the L Meter is 
the trio of transistors, Ql, 
Q2, and Q3. See Fig 1, The 
first two are followers driv¬ 
ing Q3, which is a grounded- 
base amplifier. The gain 








around the loop is con¬ 
trolled by the shunt imped¬ 
ance of the tuned circuit 
and the series resistance of 
R1 If the transistors were 
ideal, then unity gain would 
occur when these two im¬ 
pedances were equal. Ac¬ 
tually R1 has to be about 
85% of the tuned-circuit 
impedance to make up for 
the losses around the loop. 

Suppose the tuned circuit 
is oscillating with a voltage, 
V. With switch SW1 on the 
times 1 contact, Q1 and Q2 
deliver a little bit less than V 
at the emitter of Q2. Since 
the emitter impedances of 
both Q2 and Q3 are low, the 
current into the emitter of 
Q3 is a bit less than V/R1. 
Most of the current into the 
emitter of Q3 comes out the 
collector and produces volt¬ 
age across the tuned circuit, 
Q1 does not take any signif¬ 
icant current because it is a 
field-effect transistor and it 
is a follower. Thus, if the coil 
has a reactance, X, and a 
quality factor, Q, the largest 
value of R1 that will let os¬ 
cillation continue is approx¬ 
imately equal to QX. In 
order to measure tuned-cir¬ 
cuit impedances up to a 
megohm, switch SW1 re¬ 
duces the follower gain by 
100 and multiplies the R1 
scale by 100. 

To make a useful instru¬ 
ment a few more things have 
to be added. Obviously we 
need a power supply and a 
switched bank of capacitors 
for the tuned circuit. We 
also need an output to the 
counter that does not load 
down the tuned circuit and 
disturb the measurement. 
We also need an indicator to 
tell when the circuit is oscil¬ 
lating. 

R1 must be adjusted to 
make the circuit barely os¬ 
cillate. We want oscillation 
but not overload which 
would give frequency shift 
and measuring error Also, 
to make the adjustment of 
R1 quick and simple, we do 
not want to wait to see if the 
counter is responding Thus, 
followers Q4 and Q5 pick 
off the signal for the counter 


and also drive Q6, the oscil¬ 
lation detector. Q6 is biased 
so that even a ,1-volt signal 
will cause the LED to start to 
glow. This will detect oscil¬ 
lation in tuned circuits even 
when their anti-resonant 
impedance is less than 100 
Ohms. 

The power supply is con¬ 
ventional except that three 
voltages are delivered and 
all are regulated. The regu¬ 
lation is needed to allow the 
circuit to stay on the edge of 
oscillation without constant 
readjustment. Also, regula¬ 
tors are a simple way to filter 
out hum Ideally the trans¬ 
former should deliver about 
8 volts and some 6.3-volt 
units do. However, many do 
not, being wound with big¬ 
ger wire and therefore allow¬ 
ing for less drop under load. 
The 12-volt unit is sure to 
work. 

Because the frequency of 
oscillation can cover such a 
wide range, it is important to 
keep leads short and to by¬ 
pass the power-supply out¬ 
puts carefully. The coupling 
capacitors, Cl and C2, must 
be low impedance to the sig¬ 
nal. The use of an electrolyt¬ 
ic capacitor in parallel with 
a ceramic provides the wide 
frequency range bypass ac¬ 
tion. For the same reason 
transistors Q1 and Q2 are 
500-MHz units. 

To measure inductance 
from 1000 H to .1 uH covers 
a range of ten decades. Let¬ 
ting the frequency go from 5 
Hz to over 50 MHz, seven 
decades, allows us to use 
only 4 decades of capacitor 
tuning range. Since small in¬ 
ductors tend to tune with 
small capacitors and to 
higher frequencies, the L 
Meter only needs to mea¬ 
sure about a four-decade 
range of anti-resonant 
impedance. In addition, the 
higher impedances tend to 
be at the lower frequencies, 
where it is easier to maintain 
high transistor-input and 
-output impedances. Thus 
these factors work together 
to make the L Meter an ac¬ 
curate, wide-range, induc¬ 
tance-measuring device. 



Fig. 3. Drilling positioning guide. 



Construction of the L Me¬ 
ter can start with drilling the 
necessary holes in the 2-1/2" 
by 4-3/4" piece of perf board. 
See Fig. 2. The perfboard 
will be mounted on the alu¬ 
minum box with six 1" 4-40 
machine screws. Six are 
used to maintain rigidity. 
Fig. 3 shows the correspond¬ 
ing drilling and cutout infor¬ 
mation for the 5" by 3" by 2" 
box. Note that only the part 
whose panels are all 5" long 
gets drilled. The part with 
the 2" by 3" ends is used as 

The transformer can be 
mounted on the perfboard 
first, keeping the 110-volt 



Fig. 5. Lead clinch. 


terminals towards the out¬ 
side edge of the board. Fig. 4 
gives a suggested layout of 
the parts. Mount the parts 
by bending the leads as ap¬ 
propriate and pushing the 
leads through the holes in 
the board. Using long-nose 
pliers, the leads can be bent 
as shown in Fig. 5 to clinch 
the part to the board. Much 
of the part-to-part wiring can 
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Your Second Best Piece 
Of Monitoring Gear 



Next to your receiver, a subscription to 
Monitoring Times is your most valuable tool for 
communications monitoring. This fact-filled 
monthly tabloid (hardware not included!) is 
written just for you, the listener, bringing you 36 
pages of concise information on how to improve 
your listening post, where to look for those 
elusive signals, exciting home-brew projects— 
and more! 



Free Sample Available 
Upon Request 


Call Now Toll-Free! 

Dial I 800-438 8155 (cont US ex- 
cepl NC} to place your subscription 
for 2 or 3 years on Mastercard or 
Visa Or for I year subscription, mail 
your check to Grove, Dept K. 140 
Dog Branch Road. Brasstown. N.C 
28902 Office ph 704-837-9200 


be made using the lead wires 
themselves. A lead as in Fig. 
5 can be used as a wiring ter¬ 
minal with other connecting 
leads wound around it and 
then soldered. This wiring 
method is simple and quick. 
It also leaves component 
leads longer than printed 
wiring does, which is helpful 
when you want to salvage 
parts from a discarded proj¬ 
ect 

Ideally, tuning capacitors 
Cl 5 to Cl9 should be as ac¬ 
curate as possible. If you 
have access to a capaci¬ 
tance meter you can select 
the appropriate units. Even 
if you cannot find units 
within a few percent of the 
values, 1.0, 0.10, 0,010, 
0.0010, and 000010 uF, you 
can at least record the val¬ 
ues so that when you need 
accuracy you can calculate 
using the actual capaci¬ 
tance Remember the circuit 
has about 40 pF of stray ca¬ 
pacitance, so allow for that 
in thelOOO-pF unit. Also, the 
fifth capacitor ought to be 
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chosen after the L meter is 
working and in the case. The 
total tuning capacitance 
should be 100 pF, so09 will 
be about 60 pF. Note that 
the sixth position of SW3 has 
no capacitor. This is useful 
for measuring very small in¬ 
ductances. You can find the 
value of the stray capaci¬ 
tance by measuring a small 
inductor using a larger ca¬ 
pacitor, say 0.001 uF, and 
then finding the frequency 
with strays only. With the 
measured inductance and 
the strays-only frequency, 
the stray capacitance can be 
found. 

Glue a 4" by 2" piece of 
bond paper to the side of the 
case where switch SW3 and 
R1 are mounted. Install the 
knobs. Using a sharp pencil 
mark the six switch positions 
and their capacitance val¬ 
ues. Then connect an ohm- 
meter to R1. Mid-scale 
shou Id be about 1500 Ohms. 
If not, you are using the 
wrong end of the pot. One 
side of R1 must be discon¬ 
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Parts List 

Capacitors 

C1,C3,C4,C9, CIO, C11 

10 uF, 25 volt, electrolytic 

C2, C6, C7, C8 

.01 uF, ceramic 

C5 

4.7 uF, 16 volt, nonpolar 

Cl 2, Cl 3, C14, C20 

220 uF, 35 volt, PC 

C15 

1 uF, 50 volt, film 

C16 

.1 uF, 50 volt, film 

C17 

.01 uF, mica 

C18 

.001 uF, mica 

C19 

Resistors, fixed are 1/4 W, 5% 

.0001 uF, mica 

R1 

10k pot with switch, audio 
taper 

R2, R3 

820 Ohm 

R4 

39 Ohm 

R5 

3900 Ohm 

R6 

39k Ohm 

R7 

100k trimpot 

R8, R9, R10 

2.2k Ohm 

R11 

100k Ohm 

R12 

10k Ohm 

R13 

330 Ohm 

D1,D2, D3, D4 

1-Amp 100-volt rectifiers 

U1 

7812 12-volt regulator 

U2 

7805 5-volt regulator 

U3 

7905 - 5-volt regulator 

Q1,Q4 RS 276-2035 

2N3819 FET 

Q2.Q3 RS 276-2038 

2N3866 500 MHz NPN 

Q5.Q6 

2N3904 NPN 

LED 

Miscellaneous 

light-emitting diode 

SW1 

SPDT slide switch 

SW3 

Perf board 

SP6T rotary switch 

Transformer 

4 push-button terminals 

Power cord, grommet 

2 3/4” knobs, 1/4” shaft 

Bond paper 

110 volt to 12 volt, 300 mA 

6 1” 4-40 machine screws, nuts and lock washers with 6 

5/8” fiber spacers 

Aluminum case, 5” x 3” x 2” 


nected from the circuit to 
measure R1. Mark an Ohms 
scale from 100 to 10,000 
Ohms. Measure 30 Ohms 
and mark it as 50. This al¬ 
lows for series emitter 
impedances. This calibra¬ 
tion is accurate enough for 
most purposes. A more ac¬ 
curate scale can be created 
by starting with a very high 
impedance tuned circuit 
and shunting it with various 
resistors, calculating the net 
shunt resistance and mark¬ 
ing the scale accordingly. 
Remember to always set R1 
to the point where oscilla¬ 
tion just starts. 

One other detail: Set R7 
so that the voltage at the 


emitter of Q2 does not 
change when switch SW1 is 
operated. You will also note 
that the coil being measured 
carries about 5 mA of direct 
current. Some large, metal- 
cored coils may be sensitive 
to this current. A PNP tran¬ 
sistor can be arranged as a 
current source from the 
+ 12 supply to the collector 
of Q3 and adjusted to make 
the coil current virtually 
zero. If you try this, be sure 
to bypass the base of the 
PNP to keep signal off the 
base. Otherwise the current 
source will load the tuned 
circuit. The disadvantage of 
the current source is that it 
adds stray capacitance. ■ 




The Peerless Power Pack 

Simplicity is the key to this rugged 12-volt, 5-Amp supply. 
If you're looking for quick energy , here's the answer. 


Thomas F. Nolan K02 C 
RD 2, Do x 209 
Wrightstown Nl 08562 


O bjective: To design and 
and build a simple 12- 
volt, 5-Amp dc power supply 
with over-voltage protection 
in case of regulator failure. 
Here is my solution. 

The power transformer is 
a Stancor Universal rectifier 
transformer, model RT204, 
which is rated for 4 Amps of 
current when used in a full- 


wave bridge circuit; how¬ 
ever. there does not seem to 
be any problem using this 
transformer at 5 Amps. The 
bridge rectifier, VT200, is a 
single package rated at 25 
Amps Cl is a hefty filter 
capacitor of 8900 uF. The 
LM338 is a 5-Amp adjust¬ 
able power regulator with 
5-Amp output and built-in 
current limiting. R1 is to ad¬ 


just the output from 9-14 
volts. Diodes D1 and D2 are 
protection diodes to prevent 
C2 and C3 from discharging 
through the regulator during 
turn-off of the power supply 
C4 and C5 are to prevent the 
regulator from oscillating at 
a high frequency R2 is to 
maintain a minimum load in 
conjunction with the LED to 
create approximately a 70- 
mA load. The minimum load 
is needed to prevent the reg¬ 
ulator from dropping out of 
regulation. 

If the regulator should fail, 
causing the output voltage 


to climb toward the input 
voltage of the regulator, the 
12-volt zener diode, Z1, will 
turn on at 14 4 volts in con¬ 
junction with the gate of the 
SCR, which will turn the SCR 
on, causing the fuse, F2, to 
blow, which will remove the 
current from the regulator, 
preventing damage to equip¬ 
ment used with this power 
supply. R6 and C5 are used 
as a filter to prevent the SCR 
from false triggering. 

This power supply works 
very nicely with my 30-Watt 
KLM amplifier and my ICOM 
Model IC-2AT ■ 




What You See Is Where You're At 

Tired of guessing your frequency? Resolve your problem 
to 100 Hz with this add-on digital display. 


Thomas M. Miller WA8VKN 
936 Belmont Avenue 
Mansfield OH 44906 


T he modern generation 
of amateur-radio trans¬ 
ceivers is fascinating, re¬ 
plete with features un¬ 
dreamed of only a few years 
ago. Like most hams, I'm 
fond of bells and whistles, 
but rather than rushing out 
to buy the latest gadget, I en¬ 
joy studying these features 
to learn "how it's done," 
then incorporating them 
into my existing equipment. 
The main rig here at 
WA8YKN is a Ten-Tec Argo¬ 
naut. Over the years, this lit¬ 
tle "QRP" rig has grown a 
500-Watt amplifier, an inter¬ 
nal CW filter, a speech com¬ 
pandor, transverters for VHF 


and UHF, and probably the 
most useful of modern fea¬ 
tures, the digital frequency 
display. 

Like many transceivers, 
the Argonaut has a 9-MHz 
i-f. Whatever frequency is 
received must be mixed with 
the signal from the vfo to 
produce 9.000 MHz. For ex¬ 
ample, when tuned to 
7.1250 MHz, the vfo is run¬ 
ning at 16.1250 MHz. It's ev¬ 
ident that all we need here is 
a four-digit frequency 
counter to display .1250 and 
we can find our way around 
the band with 100-Hz accu¬ 
racy. The most significant 
digits (M5D), 1 and 6, are not 
displayed, so no mental 
arithmetic is required. After 
all, we can remember what 
band we're on! 

Unfortunately, not all in¬ 
termediate frequencies are 
nice round numbers. Sup¬ 


pose the i-f were 455 kHz: 
The display described above 
would read .5800 when 
tuned to 7.1250. Not too use¬ 
ful, is it? To solve this prob¬ 
lem, the counter circuit 
allows presetting of each 
digit. This way, any i-f can 
be accommodated by pro¬ 
gramming the proper offset 
into the display. The result is 
a very simple and inexpen¬ 
sive device which can easily 
be added to many transceiv¬ 
ers and receivers. The only 
hitch is that the vfo must 
tune in the same direction as 
the desired frequency. If the 
direction of your tuning 
knob changes from band to 
band. I'm sorry. This one's 
not for you. Everybody else, 
read on! 

There must be millions of 
inexpensive general-cover¬ 
age receivers out there with 
good sensitivity, and these 


receivers perform very well 
for casual shortwave listen¬ 
ing. However, all of these 
share a common drawback: 
the terrible "slide-rule dial," 
which makes it impossible 
to resolve the frequency 
being tuned with any degree 
of accuracy The addition of 
a digital display to an older 
general-coverage receiver 
such as the Radio Shack DX- 
160 makes it a much more 
valuable device for many 
ham-shack uses, as well as 
enhancing normal short¬ 
wave listening. 

Circuit Description 

The circuit uses "LS"-type 
TTL integrated circuits 
throughout for low cost and 
simplicity. A 7400 serves as a 
1-MHz oscillator, with three 
7490 divide-by-ten stages 
producing a 1000-Hz clock. 
This signal feeds a 7493 di- 



Fig. 1. Power supply. 
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vide-by-twelve stage, which 
with a few supporting gates 
produces the count, latch, 
and reset signals. The count 
window is ten milliseconds 
long, giving 100-Hz resolu¬ 
tion. 

Each decimal counting 
unit (DCU) is made up of 
three integrated circuits and 
a seven-segment LED dis¬ 
play The heart of the DCU is 
the 741% counter. Similar to 
the 7490, this 1C is a decade 
counter. However, the 7490 
can only be reset to zero or 
nine, while the 74196 can be 
preset to any number by 
placing the binary equiva¬ 
lent on the preset inputs and 
pulling pin 1 low. Small four- 
pole DIP switches are used 
to select the preset number. 
With all four switches 
closed, the display will read 
zero Binary A-B-C-D is 
weighted 1,2,4, and 8. To se¬ 
lect 5, for example, A (1) and 
C (4) would be switched 
'open/' 

The outputs of the 
counter go to the latch, a 
7475, where the binary num¬ 
ber is stored while the 
counter is reset and starts 
another count cycle. The 
latch signal on pins 4 and 13 
of the 7475 goes high for 1 
millisecond at the end of 
each count window, loading 
the resulting number from 
the counter to the display. A 
low on pins 4 and 13 freezes 
the outputs. 

Converting the binary- 
coded number into a seven- 
segment format for display 
is handled by the 7447 de¬ 
coder-driver 1C. The seven 
outputs drive a common- 
anode LED display through 
seven resistors (330 Ohms 
each) to limit the current 
through each segment to 
about 15 milliamps. 

Four DCUs are built. The 
reset and latch signals go to 
all four DCUs in parallel, but 
the vfo signal being counted 
only goes to the first count¬ 
er, the one displaying the 
hundred-Hertz digit. The 
"D" output (pin 12) of this 
counter drives the input (pin 
8) of the next counter, and 



The four-digit display gives the Argonaut 100-Hz resolution. 


If the display is going to 
be used on a general-cover¬ 
age receiver, it may not be 
necessary to read to one 
hundred Hertz. If you don't 
need this much accuracy, 
just omit the latch, driver, 
and readout for this digit. 
The 74196 counter must re¬ 
main to eliminate the "plus 
or minus one digit" error, 
maintaining the display ac¬ 
curacy 

The input circuit has three 
important functions: It pre¬ 
sents a high input impedance 
to avoid loading down the 
vfo, it amplifies and squares 
the waveform for counting, 
and it also isolates the vfo 
from any digital noise gen¬ 
erated by the display itself. 


Three circuits were built be¬ 
fore the one presented here 
was selected. It gives good 
performance with the mini¬ 
mum parts count. When a 
TTL gate is fed through a ca¬ 
pacitor, the input tends to 
drift high and "lock up." To 
prevent this, a 20k pot is con¬ 
nected from the input of the 
7400 gate to ground and ad¬ 
justed for the desired sensi¬ 
tivity. This is a very broad 
adjustment and, once set for 
the signal level of the vfo, 
will cover the high-frequen¬ 
cy spectrum with no further 
attention. 

The display requires five 
volts at just under one Amp. 
Since the Argonaut has 12 V 
dc available at the acces¬ 
sory jack, a simple series reg¬ 


ulator was built using an 
LM317. The power is sup¬ 
plied to the regulator 
through two paralleled 10- 
Ohm, 10-Watt resistors 
which dissipate about half 
of the excess voltage. The 
regulator itself is mounted 
on a heat sink on the rear of 
the display. Neither the re¬ 
sistors nor the regulator gets 
too warm, but ventilation 
should be provided over the 
resistors. 

The power supply in the 
DX-160 receiver would not 
handle any additional load, 
so for that display the regu¬ 
lator was fed from the same 
13.8-volt bench supply that 
powers the Argonaut. The 
three-digit version only 
draws 600 milliamps. 

Construction 

Nothing is critical in this 
circuit, and the prototypes 
were built on 6" x 8' perf- 
board and wired point to 
point. 18-gauge bare-wire 
buses were run across the 
board from +5 volts and 
ground. Sockets can be used 
if you like. I didn't use sock¬ 
ets and had to replace a de¬ 
fective chip the hard way 

Although the circuit looks 
complicated, it can be built 
in several simple "blocks." 
The power supply, clock, 
control logic, and each DCU 
can be wired and checked 
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Inside the three-digit version. The voltage regulator is 
mounted on the back wall of the cabinet on a sheet-alumi¬ 
num heatsink. In thecenter, DIP switches are preset for 545 
kHz. 



The slide-rule dial on the DX-lbO is used only to determine 
the frequency to the nearest megahertz. The simple three- 
digit display resolves to 1 kHz. 


out individually. A scope is 
most useful for checking 
proper operation of the 
clock and control circuits. 
Also, a digital voltmeter is 
handy to set the regulator 
between +4.9 and 5.1 volts. 

The displays were mount¬ 
ed at a right angle to the 
board, making a low-profile 
unit which can be placed on 
top of the transceiver or re¬ 
ceiver. 


In the interest of good 
shielding, the frequency dis¬ 
play was housed in a box 
made of copperclad fiber¬ 
glass circuit-board material, 
soldered at all seams. RCA 
jacks were used for power 
and vfo inputs. The opening 
for the LEDs was made with 
a Radio Shack nibbler tool, 
which cuts the PCB material 
nicely. The perfboard was 
mou nted in the enc losure on 


one-inch-long 4-40 bolts and 
plastic-tube standoffs The 
enclosure was painted and 
stick-on rubber feet were 
placed on the bottom. A 
piece of red tinted plastic 
was cut slightly larger than 
the opening for the displays 
and taped to the inside. I 
found school notebook di¬ 
viders in see-through colors 
at the local K-Mart (39 cents 
each) and the red ones were 
perfect. 



Tapping into the vfo out¬ 
put with a 100-pF capacitor 
caused only slight pulling of 
the oscillator, and no ill ef¬ 
fects resulted. If your partic¬ 
ular vfo has less output, a 
slightly larger coupling cap 
may be required. Use the 
smallest capacitor that will 
give enough signal to drive 
the display. An RCA jack 
was mounted on the back of 
the Argonaut chassis for the 
vfo output. Be sure to use 
good shielded cable here, 
and keep it short. Also, if 
your rig is tube-type, be sure 
the voltage rating of the ca¬ 
pacitor is adequate! 

The timebase can either 
be aligned with a frequency 
counter or by setting a har¬ 
monic to zero-beat with 
WWV 

Most vfo's have a fairly 
constant output through the 
tuning range If yours varies 
much, tune it to the fre¬ 
quency where the output is 
weakest (usually the high 
end) and adjust the 20k trim- 
pot on the input gate until 
the display starts reading the 
vfo frequency That's all 
there is to it 

All that's left now is the 
i-f offset If you have an 
even i-f (like 9 0), just set all 
the DIP switches closed. If 
you have another i-f such as 
455 kHz, then you must pro¬ 
gram the offset into the 
counter presets. 

Let's use the common 
455-kHz i-f as an example If 



















the vfo reads out on the dis¬ 
play 455 kHz lower than the 
received frequency, you 
must program 455 kHz into 
the counter. Find the DIP 
switch for the left-most digit 
(100 kHz) and open the 
switch for binary C (pin 3 on 
the 74196). On the next digit 
(10 kHz), open the switches 
for binary A and C (pins 4 
and 3 on the 74196). The next 
digit is also a 5, so it also gets 
switches A and C opened. 
The switches for the hun- 
dred-Hertz digit are all 
closed. The counter will now 
start each count period from 
455 kHz, in effect adding 
that number to the count. 

But what if your vfo runs 
455 kHz above the incoming 
frequency (most of them 
do)? Just subtract 455 from 
1000 and program the result 
(545 kHz, in this case) into 
the switches as described 
before. The counters will ac¬ 
tually be displaying one 
MHz higher than the fre¬ 
quency we are tuned to, but 
since we don't display the 
MHz digit, we never notice. 

There are several reasons 


for using discrete TTL ICs in¬ 
stead of a single-chip LSI 
counter. TTLs are cheap. 
Everything required to build 
this digital frequency dis¬ 
play can be ordered from 
Circuit Specialists for under 
$35.00. (Circuit Specialists, 
Inc., PO Box 3047, Scotts¬ 
dale AZ 85257.) Also, TTL 
counters work well to 
around 40 MHz, and most 
single-chip counters quit 
cold around 10 MHz, requir¬ 
ing prescaling. 

Another advantage to 
building with discrete 
devices is the ease of modi¬ 
fication to fit your require¬ 
ments. Want 10-Hz or even 
1-Hz resolution? Just add a 
few more divide-by-ten 
stages to the clock and 
switch select the resolution 
you want (be prepared to see 
your vfo drift, however). If 
you don't need the i-f offset 
feature, you could use7490s 
in place of the 74196 count¬ 
ers. The pinout is different, 
of course, and the reset sig¬ 
nal will have to be inverted, 
but it will be slightly simpler 
and cheaper. 



It is also possible to build 
two more decade counting 
units and display the entire 
frequency, including the 
megahertz digits. I didn't do 
this since the original dial 
was adequate for that pur¬ 
pose, and the primary goal 
was a frequency display that 
provided precise tuning with 
simplicity and minimum 
cost. 

Using the Argonaut with 
the frequency display has 
been a joy. RTTY mailboxes 
are a snap to find, and it's 
now simple to "QSY up ten" 
without getting lost. Short¬ 
wave listening on the DX- 
160 has also taken on a new 


_tl: 


dimension. It's now possible 
to make accurate loggings 
of clandestine "spy" sta¬ 
tions, press-service RTTY, 
military communications, 
and literally thousands of 
other fascinating signals 
The DX-160/frequency dis¬ 
play combination gives the 
type of performance previ¬ 
ously reserved for receivers 
costing hundreds of dollars 
more 

So try the digital fre¬ 
quency readout on your rig. 
You don't have to envy the 
new kilobuck rigs for their 
bells and whistles! Build 
your own.l 


LT. 

Fig. 5. Control timing diagram. 


Parts List 

IC1.IC6.IC8 74LS00 

IC2, IC3, IC4 74LS90 

IC5 74LS93 

IC7 74LS10 

IC9-12 74LS196 

IC13-16 74LS75 

IC17-20 74LS47 

4 Common-anode 7-segment displays 

Resistors 

29 330-Ohm, 1/4-Watt 

3 1000-Ohm, 1/4-Watt 

1 270-Ohm, 1/4-Watt 

1 4700-Ohm, 1/4-Watt 

1 1-M, 1/4-Watt 

2 10-Ohm, 10-Watt 
Trimpots 

1 20k 

1 Ik 

Capacitors 
1 10-uF, 10-V-dc 

1 100-uF, 30-V-dc 

1 330-uF, 30-V-dc 

1 50-pF ceramic trimmer capacitor 

1 LM317 voltage regulator 

1 1-MHz series-resonant crystal 

4 4-pole DIP switches 

Miscellaneous items: RCA jacks, perfboard, materials for 
enclosure, wire, solder, mounting bolts, etc. 

All parts are available from Circuit Specialists, Inc., PO Box 
3047, Scottsdale AZ 85257. 


-=- FAST CHARGER 

for Kenwood TH21, TH31, TH41 
HANDHELD 

2-METER TRANSCEIVERS 

INTRODUCTORY 
PRICE 

$ 44.95 


Features: 

• Charges in 15 minutes 

• Constant Current 

• Automatic Voltage cut-off 

• Battery doesn’t heat-up 

• 12v-14vdc input. 

• Charge from any point in discharge cycle 
without developing “memory” 

• Proven in daily use 

Please add S3 for Shipping and Handling. Call for COD 
Information. Florida Residents Please Add 5% Sales Tax 
To All Orders. 

Charge-Rite 

F.O. Box 17015 
Plantation, Florida 33318 
305-475-0545 



"When You Buy. Say 73" 
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Alien I. Wolff KC70 
57W Grand View Ave. 


There and Back Again 

Add band-scanning to your TS-930S for under $20. 


■ purchased the new Ken¬ 
wood TS-930S in Decem¬ 
ber, 1982. It is a fine radio 
and, after some initial prob¬ 
lems, has performed as ad¬ 
vertised. After hearing of the 
features of the TS-430S and 
playing with one, there was 
one function not included in 
the TS-930S that made me 
jealous. That was the scan¬ 
ning feature. On the TS-430S 
you can program memory 
channels 6 and 7 and scan 
between them. 

The existing up-scan or 
down-scan built into the TS- 
930S is virtually useless. It 
starts slowly and after 3 sec¬ 
onds speeds up so that it is 
useful only on the interna¬ 
tional broadcast or the AM 
broadcast bands where the 
bandwidths of the stations 
are very wide. It goes through 
single-sideband signals at a 



The unit in its Bud box. top 
view. 
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rate of knots and nothing 
can be heard or understood 
as it zips by. Even if you 
could discern the signals, 
the scan would never reset. 
It would go up or down until 
it ran out of radio spectrum 
and would stop at either 
29.999 99 MHz or 100.00 kHz. 

Band scan would be a de¬ 
sirable feature because you 
could monitor preset sec¬ 
tions of a band without hav¬ 
ing to sit in front of the radio 
and twist the knob. You 
could monitor the DX por¬ 
tion of 20 meters for that 
rare one, scan the net activi¬ 
ty on 75, or hunt through a 
portion of 8 MHz looking 
for interesting signals to pop 
up. All this could happen 
while you are in another part 
of the shack working on a 
project or writing an article. 

It so happens that if you 
pulse the up or down con¬ 
trol line on the TS-930S mi¬ 
crophone connector, the ra¬ 
dio will step at the same rate 
as the pulses. Each pulse 
moves the radio 10 Hz. For 
example, if you pulse the up 
line at a 20-Hz rate (pull the 
line to ground), the radio 
will advance 200 Hz a sec¬ 
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ond. A 50-Hz pulse rate will 
advance the radio 500 Hz 
per second. With a simple 
555 timer chip, a variable- 
speed scan rate can be 
achieved. Eventually, how¬ 
ever, the radio will be out of 
the ham band and will hap¬ 
pily continue all the way to 
29.99999 MHz and stop. 
Most unsatisfactory! 

Since the TS-930S has 
memories and memory re¬ 
call, we can put these func¬ 
tions to use. When we push 
the memory-recall button, 
the radio will always return 
to whatever frequency was 
programmed into the mem¬ 
ory channel selected. If we 
use the above and add one 
function, a timer, we end up 
with a device that will pulse 
the radio along at a variable 
speed, determine how wide 
the frequency range should 
be, and return to a prepro¬ 
grammed frequency. 


Fig. 1 shows a simple way 
of performing the scan-re¬ 
call function. The top 555 
timer (IC1) is a pulse genera¬ 
tor that pulls the up-scan 
line to ground at a variable 
rate, and the second timer 
(IC2) will pull the memory- 
recall line to ground after a 
user-selected time. This will 
reset the radio to a prepro¬ 
grammed frequency. The 
problem with this method is 
that you end up with two 
variables, scan speed and re¬ 
set time. Unless some spe¬ 
cific preset variable resistors 
or capacitors were switched 
in for both functions simul¬ 
taneously, you would never 
know the scan width accu¬ 
rately. Fig. 2 is a circuit to per¬ 
form the above, but it was 
discarded prior to incorpora¬ 
tion because of the inconve¬ 
nience of the two variables. 

What I needed was a 
method to count or accu- 


Hi 
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Fig. 2. Simple scan and reset circuit. 





Count Counted Approx. 

2 to the Pulses kHz 

9 512 5 

10 1024 10 

11 2048 20 

12 4096 40 

13 8192 80 

14 16384 160 

15 32768 325 

16 65536 650 

17 131072 1,300 

18 262144 2,600 

19 524288 5,250 

20 1048576 10,500 

21 2097152 21,000 

22 4194304 

23 8388678 


24 16777216 

*0=ground; 1 = plus 9 volt. 


Switch Program 
(Pin #)* 

9 10 11 12 
0 0 0 0 

10 0 0 
0 10 0 
110 0 
0 0 10 
10 10 
0 110 
1110 
0 0 0 1 
10 0 1 
0 10 1 
110 1 
0 0 11 
10 11 
0 111 


Fig. 3. MC14536B program chart. 


mulate the pulses from the 
555 pulse generator If a pre¬ 
set number of pulses were 
counted, then the scan 
width at 10 Hz per pulse 
would be determined inde¬ 
pendently of pulse speed. 

The device I chose was 
suggested by Mike WA7ARK 
and Steve KE7G. It was the 
Motorola MC14536B pro¬ 
grammable timer. This is a 
24-stage ripple binary count¬ 
er with the last 16 stages se¬ 
lectable by a four-bit code. 
(From the Motorola CMOS 
Data Manual .) It has 24 flip- 
flop stages and will count 
from 2° to 2 24 pulses and 
then trigger, reset, and start 
again. Essentially it can be 
programmed to count from 
2 9 (or 512} pulses to 224 ( 0 r 
16,777,216) pulses. Since 
each pulse represents 10 Hz 
to the radio, 2 9 would be 
5120 Hz or approximately 5 
kHz; 2 10 would be 10,240 
Hz or 10 kHz, etc. See Fig. 3 
for the program and 
frequency information. 

Fig. 4 is the block diagram 
of the selected design. The 


555 pulses at a user-variable 
rate and the programmable 
timer uses the pulse rate as 
its clock. When the timer 
reaches its preprogrammed 
count, it pulses a transistor 
switch and pulls the memo¬ 
ry-recall line to ground, re¬ 
setting the sequence. The ra¬ 
dio beeps each time the se¬ 
quence recycles. 

A final circuit is shown in 
Fig. 5. The components cho¬ 
sen provide a pulse rate be¬ 
tween 11 and 68 Hz, which 
represents a 110-to-680-Hz- 
per-second scan range. In 
other words, the radio will 
scan a 40-kHz bandwidth in 
65 to 370 seconds, depend¬ 
ing on the scan-speed setting. 

To program the scanner, a 
five-position 4-pole switch 
was handy and was pressed 
into service (Fig. 6). The scan 
widths programmed were 
10, 20, 40, 80, and 325 kHz 
10 and 20 kHz are useful for 
looking for a schedule; 40 
and 80 kHz can be used to 
monitor a complete band 
segment (i.e., advanced sec¬ 
tion of 20). Most of the inter¬ 


11SUW IT 



T 



national broadcast bands 
are between 200 and 350 
kHz wide, so 325 kHz is a 
good compromise (13- 
through 60-meter bands). 

Now for the bad news. 
(The news you suspected 
but did not want to admit) 
The radio has to be slightly 
modified. To ease the pain, 
this modification adds only 
one wire. Unplug the radio 
and remove the top and bot¬ 
tom covers. Keep the radio 
right side up and refer to Fig. 
7. If you do not have the au¬ 
tomatic antenna tuner in¬ 
stalled, you will easily see 
where you must attach the 
extra wire. At point X or Y, 
tack-solder an insulated 
small-gauge wire. The other 
end of the wire must reach 
the microphone connector, 
so leave it long. If the anten¬ 
na tuner is installed, as mine 


is, you may want to remove 
it—or just reach in carefully 
with a small low-wattage 
iron and tack-solder the wire 
to the back of the memory- 
recall switch, as above. 

With an ohmmeter, check 
between the unsoldered end 
of the wire and the case of 
the radio (ground). Verify 
that a short is obtained 
when you press the memory- 
recall button. 

Next, snake the wire to 
the bottom of the radio, turn 
the radio over, and attach 
the wire to one of the two 
unused contacts on the mi¬ 
crophone connector. That is 
the extent of the modifica¬ 
tion to the radio. 

The circuit is built in a 
small Bud box and placed 
next to the radio. Three 
wires must be added be¬ 
tween the microphone con- 



Fig 4. Block diagram of final circuit. 


Fig 5. TS-930S scan circuit . 
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AMATEUR TELEVISION 


NEW 70 CM ATV TRANCEIVER 

ALL YOU NEED IN ONE BOX 




$299 delivered 
TC70-1 


• FEATURES: S 


MV TRANCEIVE 

a* SSTV ck^RTT'i 


□sh »o Look (PTU Ti 
•450 mHz band. Two s 
*s and 10 pin color a 


sh only UPS CODs by phone or 




(818) 447-4565 m-f 8am-6pm pst. 

P.C. ELECTRONICS 2522 Paxson Lane 

Tom W60RG Maryann W86YSS Arcadia CA 91006 



KENWOOD j TS-940S 

• 10-160 Auto Antenna Tuner 

• S8B/CW/ AMFM/FS* • 40 Channel 
Memory—LCD AuxiBary Display 

• $1999 LIST CALL f§r Intnxl. Price 


.W TEN 


- 4 ect 

)UTfUT • 1 K' 


TITAN 


500W SSB/CW OUTfUT • 1 KW RTTY 
15-160M • Low Drive Tuned Input 
*2485 List—CALL for Special Savings 


TEN-TEC CORSAIR-II 

Duty Cycle • 16 pole IF Filter 
mode Noise Blanker • Audio Filter 
iy To Read Yellow LED Display 
it Warranty • Made in U.S.A. 


AEA • ASTRON • BENCHER • BUTTERNUT CUSHCRAFT 
DAIWA • HYGAIN • PCOM • KENWOOD • NYE • TENTEC 
VIBROPLEX 


WESTECH ELECTRONICS 

ORDER H OU RS RTE. 286—Presque Isle Plaza 

*W^d !°-6 Pittsburgh, PA 15239 

n. & Sat. i0 4 *(412)733-1555 IS 68 


nector and the scan box. 
They are ground, scan-up, 
and memory recall. Shielded 
wire is recommended. 

The unit is powered by a 
9-V transistor-radio battery 
and, due to the low current 
drain, I expect long life. 

The complete circuit could 
have been built inside the 
radio, under the VOX access 
door on top of the radio, us¬ 
ing the radio power This 
would have been an exten¬ 
sive modification and I did 
not feel it was necessary 
This circuit could also be 
built into a microphone 
stand. 

I have found this modifi¬ 
cation most useful For ex¬ 
ample, I keep a weekly sched¬ 
ule with Lowell W2HXJ 
We meet around 14.260 
MHz, plus or minus. I set 
the scan width to 20 kHz, 
preprogram the memory 
for 14 250, and turn the 
scan on I set the scan 
speed to sweep through 20 


kHz in about 45 seconds I 
haven't missed Lowell yet, 
and I do not have to be 
near the radio to hear him 
call! 

The circuit is simple, and 
the only expensive part is 
the programmable timer, 
which lists for approxi¬ 
mately $11.00. ■ 
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Fig 6. Preprogrammed switch. 



Fig. 7. Part of switch unit M. 


1—555 timer 

1 —MC14536B Motorola 
1— 2N3904 
1 —1N4001 
1—1N914 

1— Ik resistor, V* W 

2— 10k, V* W 
2—100k, ’/« W 

1— 1-megohm pot 

2— .01 uF 

1— .1 uF 

2— 1 uF 

1 -9-volt battery 


Part List 
Radio Shack 
276-1723 

Motorola Distributor 
RS 276-1603 
RS 276-1101 
RS 276-1122 
RS 271-1321 
RS 271-1335 
RS 271-1347 
RS 271-211 
RS 272-131 
RS 272-135 
RS 272-1419 
RS 23-553 


$.99 

11.00 

25 

.10 

.08 

.16 

.16 

1.09 

.39 

25 

.49 

2.19 

$1729 


Hardware (as required): 1—4-pole 5-position switch; 1—Bud box; 
2—knobs; 1—SPST switch, and 2—1C sockets. 
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Steve Katz WB2WIK 
24 Louis Drive 
Budd Lake N/ 07828 


Home-Brew the Blockbuster 

Ina heroic effort , WB2WIK has created the ultimate 6-meter amplifier. 
Its single 4-1000A delivers over2kW with only 20 Watts in. 

The power supply alone weighs 120 pounds. 

When this monster talks , people listen! 



Photo B. Power supply, bottom view. 
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A lthough I enjoy rag- 
chewing, DX-chasing, 
contesting, satellite work, 
and just about every con¬ 
ceivable aspect of amateur 
radio, the activity I enjoy 
most of all is home-brewing, 
especially home-brewing 
with a purpose. This article 
describes a reasonably am¬ 
bitious effort which was pre¬ 
cipitated by a very distinct 
purpose: I wanted to be¬ 
come more competitive in 
VHF contests, especially on 
the 50-MHz band where a 
few more dB could add mul¬ 
tipliers via meteor scatter 
when band conditions are 
less than perfect. I call the 
result my "Blockbuster." 

I had been using a rather 
modest kilowatt amplifier 
on six meters, a single 
4CX350A at about 600 Watts 
PEP output, and I wanted to 
QRO right to the legal limit 
of 1.5 kW PEP out. While 
this is only about a 4-dB in¬ 
crease in signal, I reasoned 
that it would be the most im¬ 
portant 4 dB of all, especial¬ 
ly in contests where scatter¬ 
mode communication is 
very important for added 


multipliers. I toyed with the 
idea of using such exotic 
tubes as 8877s, 4CX1500s, or 
possibly the new Eimac 
3CX800, but dismissed these 
as too expensive or, in the 
case of the 8877, too hard to 
drive. I really wanted a le¬ 
gal-limit amp which could 
be driven with today's solid- 
state multimode rigs (per¬ 
haps 20 Watts PEP output) 
and which used an inexpen¬ 
sive, obtainable tube 
Hmmm what about the 
old, reliable 4-1000A? 

For the uninitiated, the 
4-1000A is a workhorse tet¬ 
rode that has been around 
forever and is usable to 110 
MHz despite its overwhelm¬ 
ing stature (about nine inch¬ 
es tall, five inches in diame¬ 
ter). The plate dissipation 
rating is 1000 Watts and the 
tube can be operated in grid- 
driven class AB2 service at 
well over the legal power 
limit with only 20 Watts 
drive. Not only that, the real 
charm of the 4-1000A is its 
availability at reasonable 
cost. This is a very popular 
broadcast-service tube and 
"pulls," which still will deliv- 




er 1500 Watts PEP output, 
are offered at flea markets 
for about $50 to $100, a far 
cry from the price tag on an 
8877. 

My desire to operate the 
project amplifier in grid- 
driven rather than ground¬ 
ed-grid service was the re¬ 
sult of careful investigation 
of the parametric trade-offs. 
A grounded-grid 4-1000A, 
certainly an easier amp to 
build, requires over 100 
Watts drive and might deliv¬ 
er 1500 Watts PEP output, 
while a grid-driven circuit, 
obviously more complex, 
only requires 20 Watts drive 
and should deliver 2000 
Watts PEP output easily! 

Not one to flaunt all this 
power, especially in a na¬ 
tional magazine probably 
read by FCC staffers. I'll just 
say that I reasoned a 
2-kW + amplifier should 
really sound good and 
should last a long time when 
run at the reduced legal 
limit of 1500 Watts. 

I built the power supply 
first This is a matter of per¬ 
sonal preference, but I 
strongly recommend that 
anyone attempting this proj¬ 
ect follow my lead and tack¬ 
le the power supply right 
off. The power supply is go¬ 
ing to be very heavy and a 
mighty pain in the neck to 
assemble largely because of 
its muscle-building bulk, 
and if you don't finish this 
half of the job at the start, 
you might never get to it. 

My power supply is ac¬ 
tually three power supplies 
built on a single chassis 
measuring 17" X 13" X 4" 
and then bolted to a 12" x 
19" rack panel. The alumi¬ 
num chassis has perforated 
side walls to enhance air cir¬ 
culation beneath, and it 
wouldn't have been strong 
enough to support all the 
transformers and capacitors 
if I hadn't first given it addi¬ 
tional support by means of 
some 3/4" aluminum angle 
stock riveted under the 
whole length and half the 
width—see Photo B. (My 
thanks to WA2VUN and 


r 


W2HWC who did much of 
the aluminum punching, riv¬ 
eting, and welding on this 
project.) 

After the power supply 
was completed, I added 
more 3/4" aluminum angle 
stock between the rear of 
the chassis and the back 
side of the panel to add sup¬ 
port and also to give me a 
place to grab when attempt¬ 
ing to lift this turkey! My 
supply weighs 120 pounds, 
but possibly yours can be 
somewhat lighter if you 
choose less bulky com¬ 
ponents. 

Because I know the 4- 
1000A is both voltage- and 
current-hungry, I designed 
the plate supply to deliver 
4000 volts at one Ampere 
This may sound like overkill, 
and maybe it is, but I want¬ 
ed this thing to last through 
a lot of contests. I bought a 
Hypersil transformer from 
the Peter W. Dahl Company 
(El Paso, Texas) for some¬ 
thing over $200. Its ratings 


Fig. 1. Power supply. 


are 6000 volts center-tapped 
at 800 mA CCS, and it weighs 
about fifty pounds. Careful 
shopping at flea markets 
might possibly turn up some¬ 
thing similarly rated for less 
money. 

I run the plate supply as a 
full-wave center-tap using 
two 7500-volt, 2-Amp recti¬ 
fier stacks and 16 uF of fil¬ 
tering (4 each, 4 uF at 4 kV). 
The high-voltage capacitors 
are large but weren't expen¬ 
sive—obtained from Fair 
Radio Sales (Lima, Ohio) via 
mail order. The plate-supply 
bleeder is a bank of f ive 30k- 
Ohm. 30-Watt wire-wound 
ceramic resistors mounted 
on ceramic standoffs. The 
plate transformer, needless 
to say, is supplied by a 
"stiff" 230-volt-ac line and 
the primary is dual-fused 
(each side of the 230-volt 
line) with 20-Amp slow-blow 
fuses and switched with a 
25-Amp DPST relay 

The screen supply deliv¬ 
ers 500 V dc at 100 mA and 


is so stiff it requires no addi¬ 
tional electronic regulation. 
I used a multi-winding trans¬ 
former obtained from Fair 
Radio Sales. The 700-volt 
center-tapped secondary 
drives a full-wave (center- 
tap) rectifier circuit fol¬ 
lowed by a 70-uF filter and a 
20k-Ohm bleeder and deliv¬ 
ers almost exacty 500 volts 
of low-ripple dc. The screen 
transformer center-tap is 
also relay-switched to en¬ 
sure that the plate supply is 
on before the screen supply. 
Catastrophic results are like¬ 
ly otherwise 

The power supply also 
contains the grid-bias sup¬ 
ply, which delivers two out¬ 
put voltages: —165 V dc for 
standby and — 60 V dc, ad¬ 
justable plus or minus 20%, 
for operating. I derive the 
bias from a full-wave bridge 
rectifier driven by a 6.3-V fil¬ 
ament transformer which is 
wired back-to-back across a 
6.3-V-ac winding of the 
screen transformer. The 
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Photo C. Power supply, top view. 


Photo D. Power supply, front view. 


117-volt-ac drive to the 
bridge yields — 165-V-dc 
output, filtered by a 100-uF, 
250V capacitor. The bleed¬ 
er-resistor-string values were 
chosen to make a voltage di¬ 
vider which sets the adjust¬ 
able operating bias in the 
range required for a 4-1000A 
in class AB 2 


The high-voltage (plate) 
transformer is switched (as 
mentioned) by a large relay 
whose coil is driven by a lit¬ 
tle 12-volt-dc power supply 
built into the system for just 
this purpose: I made this 
12-V-dc supply by voltage¬ 
doubling a 5-V-ac winding 
which happened to be an¬ 


other secondary of the 
screen transformer (I told 
you this was a multi-func¬ 
tion unit!). The ripple and 
regulation of this supply is 
unimportant since its only 
load is a relay coil. I use the 
plate-transformer primary to 
drive the screen relay, thus 
ensuring that the plate sup¬ 



ply is on before the screen 
supply. This is a good safety 
measure because tetrodes 
get very excited about hav¬ 
ing screen voltage before 
plate voltage (it destroys the 
screen). 

My supply has a built-in 
plate voltmeter (0-1-mA-dc 
meter driven by a series- 
multiplier string of five one- 
megohm resistors) which 
reads 0-5000 volts dc. This is 
a useful scale since the key- 
up voltage is 4500 V (key- 
down is about 4100 V). The 
supply also contains shunts 
for plate-current, screen-cur¬ 
rent, and grid-current meters 
which are mounted on the 
panel of the rf deck. These 
are all indicated on the sche¬ 
matic diagram for the power 
supply (Fig. 1). 

I also have a "keyed" 117- 
V-ac output line coming 
from the power supply to 
the rf deck to run the deck- 
contained blower, filament 
transformer, and pilot lamp. 
The power supply contains 
two pilot lamps (ac on and 
HV on) plus several fuse as¬ 
semblies. All ac inputs, ac 
outputs, and dc outputs are 
bypassed with suitable ce¬ 
ramic capacitors as indicat¬ 
ed on the schematic. The 4- 
kV plate-supply output is 
bypassed with 7.5-kV "door¬ 
knob" capacitors since not 
many other types will with¬ 
stand this kind of voltage 
continuously. 

At this power level, even 
the ac line cord must be se- 
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lected carefully —I used a 
#12-4 cable. A smaller cable 
will have too much IR drop. 
Remember, this is a 4000- 
Watt power supply! I run 
the switched ac and all low- 
voltage dc lines through a 
12-conductor cable to a 
Cinch-Jones-type power con¬ 
nector which mates with an¬ 
other connector fitted to a 
similar cable coming from 
the rf deck The HV output 
line is made of 20-kV anode 
cable fitted with a male Mil- 
len-type high-voltage con¬ 
nector at each end 

The completed power 
supply is not a table-top unit 
by any means, but it is quite 
compact for its capability 
and is attractive enough 
The commercial look is im¬ 
parted by careful construc¬ 
tion and good overall work¬ 
manship. Wire dress, espe¬ 
cially at the 4-kV level, is 
very important! All plate- 
supply secondary wiring is 
20-kV insulated anode wire. 

The rf deck is straightfor¬ 
ward. I designed the plate 
tank circuit for a Q of about 
16. A lower Q is not possible 
with the 4-1000A at 50 MHz 
because of the tube's high 
plate capacitance. The tank 
circuit, a conventional pi 
network, uses a Jennings 
vacuum-variable input-tun¬ 
ing capacitor, type GCS-55, 
a coil made of 'A" copper 
tubing (3 turns, 1*A" inside 
diameter, VA" long) and a 
200-pF air-spaced variable- 
output capacitor made by E. 
F. Johnson (type 167-12). The 
Jennings plate-tuning capac¬ 
itor is rated at 7500 volts, 
and this is a recommended 
unit It has high Q and very 
low minimum capacitance, 
which is required at this fre¬ 
quency If a Jennings unit 
cannot be found at reason¬ 
able cost, I'd recommend a 
Millen-type 15011 neutraliz¬ 
ing capacitor with 2V4"- 
diameter plates as a second 
choice The object here is 
high Q and very low mini¬ 
mum C in order to obtain a 
reasonable overall Q. An or¬ 
dinary air-spaced variable 
multi-plate capacitor won t 
work. 



Photo E. Rf deck, top view. 


While chassis size for the 
rf deck is certainly not criti¬ 
cal, the deck must be fairly 
large simply because the 
4-1000A is so darned big! My 
chassis measures 10" x 17" 
X 4" but could be slightly 
smaller if the blower were 
mounted totally outboard. I 
used an Eimac SK-510 sock¬ 
et, but this shouldn't be criti¬ 
cal, as any air-system socket 
will work fine. These sockets 
do not contain any special 
screen-bypass capacitor and 
are of simple construction 
and low cost. While Eimac 
and others recommend the 
use of a glass chimney for 
the 4-1000A, I didn't use 
one. Instead, I punched 24 
5/16 "-diameter holes in a cir¬ 
cle pattern around the out¬ 
side of the socket rim (see 
Photos E and F) and forced a 
lot of air through the socket 
and these holes, thus creat¬ 
ing a considerable draft 
along the tube envelope. 


The blower I selected was a 
Dayton 2C781 (Photos E and 
F), but any similar or larger 
blower will work. The ob¬ 
ject, obviously, is to force a 
lot of air through the tube 
base and around the enve¬ 
lope. The more air, the bet¬ 
ter! I also used a large (1-3/8" 
diameter) finned aluminum- 
plate cap on the tube to 
help reduce plate-seal tem¬ 
perature. 

Since the rf deck chassis 
must be pressurized, use 
one with solid, not perforat¬ 
ed, walls. Also, be sure to 
seal any cracks or holes with 
RTV caulking compound to 
help maximize pressuriza¬ 
tion of the under-chassis. 

My rf deck has the fila¬ 
ment transformer mounted 
atop the chassis between 
the blower and the tube. It 
might be wiser to mount the 
transformer below the chas¬ 
sis, as the heat radiated by 


the 4-1000A adds to the op¬ 
erating temperature of the 
transformer. I used a fila¬ 
ment transformer from Amp 
Supply Company (Twins- 
burg, Ohio), type X7.5-21, 
which cost about $50. I also 
obtained several other com¬ 
ponents, Jike some 7500-V 
doorknob capacitors, panel 
meters, etc., from Amp Sup¬ 
ply. Since the 4-1000A fila¬ 
ment drain is very high, the 
wiring must be kept short 
and the conductor size 
large. I used #12 insulated 
wire routed directly to the 
tube socket. 

The input-circuit and 
plate rf-choke designs were 
borrowed originally from an 
ARRL Handbook article 
written around a 4CX1000A 
amplifier for six meters, 
however, both items re¬ 
quired modification for use 
with the 4-1000A. The 4- 
1000A and 4CX1000A, while 
very different tubes, have 
similar input capacitance 
and I reasoned that the 
Handbook circuit would 
work. It didn't, and I modi¬ 
fied both the tuning capaci¬ 
tance and the grid-load resis¬ 
tance to accommodate the 
4-1000A characteristics. 
These revisions are noted in 
the rf-deck schematic dia¬ 
gram (Fig. 2). Having built 
other VHF high-powered 
amplifiers, I already knew 
something about plate rf 
chokes and the Handbook 
design, using a 1 "-diameter 
Teflon™ form, looked 
good. It worked, but flamed 
out after a few hours of op¬ 
erating time. I rewound the 
plate rf choke using #20 
enamel wire on the same 
Teflon form and so far this 
choke has lasted. It is likely 
that the combination of very 
high rf voltage across the 
choke, the considerable dc 
current through the choke, 
and its very high ambient 
temperature (the result of its 
being located close to the 
4-1000A envelope) caused 
the demise of the original 
component — which was 
wound with #24 wire. 



The input circuit, shown 
Photo F. Rf deck, top/rear view. in both photos and figures, 
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centers around a single 
T50-12 ferrite toroid trans¬ 
former. I obtained both this 
toroid form and a supply of 
ferromagnetic beads for de- 
coupling purposes from 
Amidon Associates (North 
Hollywood, California), who 
are very nice people to work 
with and offered me over¬ 
night delivery at reasonable 


The plate-blocking capac¬ 
itor is actually two paral¬ 
leled 500-pF, 20-kV door¬ 
knob units made by Sprague 
and purchased at a local 
flea market. The 20-kV rat¬ 
ing is unnecessary, but I'd 
strongly recommend the 
doorknob design; other types 
of capacitors just can't han¬ 
dle all the rf current. 


The output-circuit config¬ 
uration and mounting is 
straightforward as pictured 
in Photo F. The Jennings vac¬ 
uum capacitor mounts on 
three aluminum spacers dF 
rectly to the front panel, 
while the tank inductor and 
loading capacitor mount on 
ceramic spacers to the chas¬ 
sis. Interconnections between 
all plate-circuit components 
are made with copper braid 
taken from high-quality RG- 
8/U coaxial cable. The con¬ 
nection from plate tank to 
the rf-output connector, a 
type-N receptacle, is made 
with high-quality RG-8/U 
routed as far away from the 
tube envelope as possible to 
avoid overheating. After all, 
with this amplifier at maxF 
mum output, the rf voltage 
across the 50-Ohm output 
cable is about 450 volts 
peak when the output load 
swr is 1:1 and can become 
considerably higher at ele¬ 
vated vswr. The output cur¬ 
rent is also high in this legal- 
limit amplifier: About 6.5 
Amperes rms will be con¬ 
ducted in the output cable. 
Needless to say, RG-58/U — 
even in very short lengths — 
is not recommended! 

I used knobs from an old 
Heathkit SB220 for the plate 
tune and load controls. The 
front panel of the rf deck 
would look a bit boring with 
just two knobs, so I fancied 


Photo C. Rf deck, bottom view. 


it up a bit with a pair of 3 Vi " 
panel meters, a meter 
switch, and a red pilot-lamp 
assembly to indicate the 
"on" status of the remote 
power supply The right- 
hand meter reads 0-10 mA 
dc for grid current and 
0-100 mA dc for screen cur¬ 
rent and is switched with the 
toggle switch mounted dF 
rectly below the meter. The 
left-hand meter monitors 
plate current and reads 0-1 
Ampere dc. My initial test¬ 
ing of the amplifier was per¬ 
formed sans rf-deck cabinet 
(although the bottom cover 
plate for the chassis must be 
in place) and I originally in¬ 
tended to look for an old 
75A2 cabinet or something 
to mount the rack panel to 
and create an enclosure. 
WA2VUN fabricated the 
cabinet shown in his welding 
shop, however, and it is 
quite functional 

A large hole must be 


punched in the cabinet 
above the 4-1000A to allow 
free escapement of the cool¬ 
ing air which is forced past 
the tube This hole should 
be at least five inches in di¬ 
ameter and centered direct¬ 
ly over the tube. The ventila¬ 
tion hole should be covered 
with window-screen materi¬ 
al or the like to aid in shield¬ 
ing. This amplifier is bound 
to create a TVI problem, es¬ 
pecially in areas with Chan¬ 
nel 2 service, whether it is 
well shielded of not, but 
proper shielding combined 
with good power-supply de¬ 
coupling and an outboard 
low-pass filter in the anten¬ 
na feedline should at least 
help reduce TVI to a man¬ 
ageable level. 

When building the rf-deck 
cover, be sure to allow an 
adequate air-flow path for 
the blower intake as well as 
the exhaust Mine is ducted 
from the side of the cabinet 


away from the tube to en¬ 
sure a plentiful supply of 
cool intake air. While an 
outboard blower would 
solve this problem, I intend¬ 
ed the deck to be as self- 
contained as possible with¬ 
out occupying too much 
depth on the operating 
bench; I mounted the blow¬ 
er on the rf-deck chassis and 
ducted the air intake to the 
cabinet side wall using an el¬ 
bow made of 3" (inside di¬ 
ameter) PVC tubing. 

My first attempt at put¬ 
ting this monster on the air 
revealed a few weak links, 
some of which I discussed 
earlier. One weak point not 
yet mentioned is the ground¬ 
ing strap which connected 
the rotor of the plate-load¬ 
ing (output) capacitor to 
chassis ground. I had built 
this strap of RG-8/U braid 
which was soldered to a 
rotor lug on the 200-pF ca¬ 
pacitor and bolted to the 
chassis. After a few minutes 
of key-down operation at 
about one kilowatt output, 
the solder bonding the braid 
to the rotor lug melted, dis¬ 
connecting this ground 
point and throwing the tank 
circuit out of resonance. Ap¬ 
parently there are some real 
hefty circulating tank cur¬ 
rents in this amplifier (par¬ 
tially due to its high Q) and 
solder was not going to do 
this job! 

Adding a parallel ground 
path, using some .031 "-thick 
aluminum-sheet material, 
bolted, not soldered, be¬ 
tween the capacitor rotor 
connection point and the 
chassis solved this problem 
I bent some sheet aluminum 
to make a bracket-like as¬ 
sembly and punched it to 
accommodate the load-ca¬ 
pacitor shaft bushing (which 
is electrically common to 
the rotor) and then bolted 
this assembly to connect the 
capacitor rotor to the rf- 
deck chassis This seems to 
have permanently solved 
the ground-braid overheat¬ 
ing problem. 

At this point, I was able to 
drive the Blockbuster to a 
good, solid 1500 Watts rf 





Parts List 


Note: Unless otherwise specified, all resistors are 1/2 Watt, 10%; all capacitors of less than 1 uF 
are disc ceramic, 1000 Volts. Many values are not critical and may be substituted, as discussed in 

the text. Other key components are discussed in the text. 


BL1 

Centrifugal “squirrel-cage" 
blower 

Dayton P/N 2C781 or equiv. 

$20 

Cl 

Plate-tuning capacitor 

ITT/Jennings P/N GCS-55 or equiv. 

$15 surplus 
$100 new 

C2 

Plate-load capacitor 

E. F. Johnson P/N 167-12 or equiv. 

$5 surplus 

C3 

Input-tune capacitor 

All-Star Products P/N APC5814 or 
equiv. 

$5.95 new 

C4-C7 

Screen-bypass capacitor 

Centralab P/N DD30-102 or equiv. 

59c each new 

D1,D2 

HV rectifier assembly 

Semtech P/N SCHS7500 or equiv. 

$54.74 each new 
$10 each surplus 

D3-D11 

Rectifier, 1000 piv, 1 A 

Semtech P/N 1N5620 or equiv. 

$151 each 

FI. F2 

Primary line fuse 

Bussmann MDL20 or equiv. 

25e each 

F3 

Screen/bias/blower fuse 

Bussmann MDL5 or equiv. 

25c each 

F4 

Screen center-tap fuse 

Bussmann AGC1/8 or equiv. 

80c each 

J1 

Rf output receptacle, Type 
N, Mil type UG-58A/U 

Amphenol P/N 82-97 or equiv. 

$3.29 each 

J2 

Keying receptacle, RCA 
phono type 


20c each 

J3 

Rf input receptacle, UHF 
type, Mil type SO-239 

Amphenol P/N 83-1R or equiv. 

89c each 

LI 

Plate tank coil, 3 turns 1/4" 
copper tubing wound on a 
1-3/4" form (which is then 
removed), 3-1/4" long 


Home-brew $1 

RFC1 

2.5-uH, 1-Amp choke 

J. W. Miller P/N 4606 or equiv. 

$1.95 

RFC2 

36 turns #20 enameled 
wire on 1 "-diameter 
Teflon™ rod 


Home-brew $5 

RY1 

DPST or DPDT relay (plate 
supply primary), 20-Amp, 
230-V-ac contact ratings 

PRD P/N 7DY0 or equiv. 

$12.95 new 

RY2 

SPST or SPDT relay 

P&B P/N KA5AG or equiv. 

$5.95 new 

RY3 

SPDT or DPDT relay 

P&BP/N KAlIDG or equiv. 

$6.95 new 

S1,S2 

SPST or SPDT toggle 
switch 

Cutler-Hammer P/N 7580K7 or equiv. 

$1.59 

S3 

DPDT toggle switch 

Cutler-Hammer P/N 7591K6 or equiv. 

$1.79 

T1 

HV (plate) transformer, 230 
V ac: 6000 V ac center- 




tapped, discussed in text. 


$230 new 

T2 

Multipurpose transformer, 
120 V ac: 700 V ac center- 
tapped, 6.3 V ac and 5 V 




ac 

Fair Radio P/N T52960 or equiv. 

$5.95 (surplus) 

T3 

Filament transformer 




(used for bias), 120 V ac: 

6.3 V ac @ 2 Amps 

Stancor P/N P6466 or equiv. 

$6.95 new 

T4 

Rf Input transformer 
(toroid), 2 turns #24 enam¬ 
eled wire primary, 10 turns 
#24 enameled wire secon¬ 
dary, wound on a T-5-12 




core. Observe winding 




polarity. 


Home-brew $1 


output into my 5G-Ohm Bird 
oil-cooled dummy load. The 
exciter power required for 
legal-limit output is only 25 
Watts, yielding an amplifier 
power gain of 60. This ampli¬ 
fier is very linear, so the 60:1 
power gain remains nearly 
constant over a wide range 
of driving powers; eg., 20 
Watts drive yields 1200 


Watts output, 10 Watts 
drive yields 600 Watts out¬ 
put, etc. My own six-meter 
exciter achieves only about 
25 Watts peak output, so my 
station is held down to the 
legal-limit power level by 
virtue of drive limitations. 

Using WA2VUN's ICOM 
IC-551D, which can develop 
about 80 Watts peak output 


power, I was able to drive 
the Blockbuster to consider¬ 
ably beyond legal output 
power. Even at 1.8 kW CCS 
output, the 4-1000A draws 
no grid current at all and the 
plate color is a bright but en¬ 
tirely reasonable shade of 
red. I don't recommend run¬ 
ning this power level for two 
very good reasons: (1) It ex¬ 


ceeds the plate dissipation 
rating of the 4-1000A—and 
this will undoubtedly short¬ 
en operating life—and (2) it 
is illegal. 

This is the point where au¬ 
thors of amplifier articles 
start weaving tales of 
"strongest signal on the 
band" reports received Not 
to change fifty years of con¬ 
vention, I'll report that my 
local contest club, SCORE 
(the Society of Contest Op¬ 
erators and Radio Experi¬ 
menters), using the callsign 
K2XR from Western New 
York, used the Blockbluster 
on six meters during our op¬ 
eration in the ARRL June 
VHP QSO Party (1984) and 
we never had to call any¬ 
body twice! We did indeed 
receive many "strongest sig¬ 
nal on the band” reports and 
did not receive a single re¬ 
port of splattering, distor¬ 
tion, or any similarly dis¬ 
couraging words. We used 
an IC-551D exciter and a 
pair of 7-element KLM yagi 
antennas at sixty feet, thus 
developing about 54 kilo¬ 
watts effective radiated 
power (taking feedline loss 
into consideration). With 
this setup, we worked nu¬ 
merous meteor-scatter con¬ 
tacts with a very high level 
of success. Eureka! My goal, 
stated in the very first para¬ 
graph of this article, was 
achieved. 

I might mention that once 
you've built the power sup¬ 
ply for the Blockbuster, it 
becomes the foundation on 
which to build various other 
high-powered rf decks. My 
next project probably will 
be a legal-limit 160-meter 
monoband amp using an¬ 
other 4-1000A. The supply 
described in this article is 
super. Reasonably small and 
affordable, it delivers all 
necessary operating volt¬ 
ages for a wide variety of 
high-powered triodes or 
tetrodes. 

Thanks to KT2B for the ex¬ 
cellent photographic work 
and, as mentioned earlier, to 
WA2VUN and W2HWG for 
sheet-metal fabrication. 

CU on six!! 
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[vert Fruhman W7RXV 
280S West Rancho Drive 
Phoenix AZ8S017 


Broken Ox Blues 

The grid-dip oscillator is a stellar performer , 
but missing coils can mean big headaches. 
Avoid frustrations by winding your own. 


A lthough the grid-dip 
oscillator has been 
around the laboratory for a 
long time, Heath introduced 
it to the general public at a 


reasonable price in the early 
1950s. While the lab models 
helped scientists find the 
resonant frequency of tuned 
circuits, the average ama¬ 


teur still had to "cut and try" 
as the price kept the instru¬ 
ment out of his reach. De¬ 
spite some limitations, 
the ubiquitous Heathkit™ 
GD-1 and its successors have 
helped amateurs tune count¬ 
less transmitters, receivers, 
and filters. 

Regrettably, the coils get 
broken, the manufacturer 
can't supply parts for the 
early models, and the meter 
then gets shelved or even 
discarded. 

Well, one of those dis¬ 
carded units fell into my 
outstretched hands and I 
couldn't wait to fire it up. I 
took it apart to cement the 
knob back together and see 
if the tube was still in place 
A quick check with a ran¬ 
dom-length piece of wire in 
the coil socket proved that 
the tube had survived in 
good condition. A little 
cleaning up had the gdo 
ready for action. Then I 
found out why someone had 
tossed it out No one could 
supply coils or forms. I 
thought surely someone 
would know where I could 
get a set of coils. The best in¬ 


formation that I got consist¬ 
ed of instructions on how to 
use a lathe. 

Well, the original coils did 
have a tendency to work 
themselves loose at inop¬ 
portune times, so why not 
try a "new and improved” 
coil system? The photos 
show what happened. 

Plastic 35mm film cans 
and the now common F con¬ 
nectors seemed like a good 
combination. Many ama¬ 
teurs play with photography 
or know someone who does 
That can give an instant sup¬ 
ply of coil forms, forms 
which "machine" with little 
effort. The F connectors 
cost a bit more than the 
forms, but many times they 
can be salvaged from old 
equipment 

The higher-frequency coils 
up to over 200 MHz need lit¬ 
tle effort to construct. A 
piece of brazing rod about 
three inches long formed in¬ 
to a hairpin loop gives the 
highest frequency range and 
is self-supporting. The other 
two self-supporting coils 
take the oscillator down to 
about 20 MHz The lower- 



Fig. 1. Typical setup for finding resonant frequency of un¬ 
known tank circuit. Meter suddenly "dips" as circuit is tuned 
to oscillator frequency. 



Fig. 2. An improved setup allows more distance between gdo 
and tank, giving improved accuracy. External indicator is free 
from the gdo's internal spurious responses. 
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frequency coils take a bit 
more effort but are worth it. 
You can make overlapping 
ranges down below 200 kHz, 
although I stopped around 
250 kHz as I have another 
oscillator for that range. 

Drill the center of the 
form for the connector but 
don't put it in yet Punch a 
couple of holes near the top 
of the form and thread one 
end of the wire into it. Leave 
two to three inches of wire 
inside the form. Wind on the 
number of turns that the ta¬ 
ble or your intuition sug¬ 
gests and punch a couple of 
holes for the other end of 
the wire. Put a washer and 
mounting nut on one wire, 
then poke it through the 
center mounting hole. Sol¬ 
der it to the center of the F 
connector Push the F con¬ 
nector up into the mounting 
hole and fasten the nut to it 

Make a hole in the bot¬ 
tom of the coil form and run 
the other wire out to the 
connector. If you solder di¬ 
rectly to the fitting rather 
than using a solder lug, be 
sure to scrape the plating off 
first so that you can make a 
quick, solid connection with 
a hot iron That keeps the 
plastic coil form from 
melting. 

The low-frequency coils 
below about 2 MHz need a 
center tap which has to go 
to ground I simply brought 
out a long flexible lead from 
the coil and let it float (note 


Photo C). Scramble-wind 
these coils in order to get 
the most inductance with 
the least distributed capaci¬ 
tance. That will give the 
widest possible frequency 
change with the nominal 70- 
pF tuning capacitor. As the 
photo shows, even the low¬ 
est coil that I wound gives a 
50-kHz range. 

I found it helpful to write 
the measured frequency on 
the coil. Since I had access 
to an LCR meter, I put the in¬ 
ductance on the coil too. 
That is useful when using 
the coils as reference in¬ 
ductors. 

I used an old rod antenna 
for the coil that covers the 
upper half of the broadcast 
band. That one puts out a 
good, hot signal. 

As Photos D and E show, 
the gdo itself needs very lit¬ 
tle modification. Start by re¬ 
moving the cover and the 
two screws that hold the coil 
socket in place. Carefully 
unsolder the three socket 
leads Remove the socket 
and take it apart. It has two 
pieces of bakelite sandwich¬ 
ing the connections Re¬ 
move the bottom layer and 
the connections. Ream the 
top section out so that it will 
hold the F connector. Insert 
a washer or flattened piece 
of large-gauge wire under 
the nut on the bottom of the 
assembly. Tighten it down. 
Solder a strap or another 
piece of flattened wire to 


the center conductor. Align 
the two connections with 
the areas on the variable ca¬ 
pacitor where the original 
connections were, and sol¬ 
der them in place Excessive 
heat may damage the vari¬ 


able cap, so use enough 
heat to get the job done 
quickly. Put the two mount¬ 
ing screws back in place. 

You may want to put a 
small bolt through the top 
cover for grounding the cen- 




Photo C. Some of the LF coils. The antenna-rod coil gives 
Photo B. Some of the HF and VHF coils (going up to over high output but takes innovative engineering to mount the F 
200 MHz). connector. 
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Photo D. Interior view showing connection detail. 


Photo £. Close-up showing assembly detail. 


ter tap on the LF coils. While 
you have the gdo apart and 
if the knob is still in one 
piece, you may want to put 
a new scale on the tuning in¬ 
dicator. If you need only a 
few ranges, they should fit. 
If you use many overlapping 
ranges like I did, then a log¬ 
ging scale (say 1-20) would 
be good. Of course for more 
than ball-park measure¬ 
ments a counter will pick up 
some of the signal and give 
you direct readout When 
you finish the calibration, 
put the cover back on and 
you are ready to pre-tune 
networks or measure stray 


tanks dug out of the spare- 
parts box. 

Although the photos don't 
show it, you can get an 
adapter that screws into the 
socket and gives you the 
convenience of plug-in coils. 
The few pFs that it adds 
show up mostly on the high¬ 
er frequencies. It does save 
a lot of time while running 
down a tuned circuit 

Although the books give 
the theory of operation, per¬ 
haps a quick word here on 
the practical applications 
would be in order. In the 
typical setup shown in Fig. 1, 
the gdo and the unknown 


tank are placed near each 
other. The oscillator fre¬ 
quency is varied until the 
meter gives a strong indica¬ 
tion, usually a dip. Then the 
tank is moved farther away 
and the operation is re¬ 
peated. The dip will be 
sharper and, therefore, the 
frequency measurement will 
be a bit more accurate. 

Many times you can get a 
better tuning indication that 
is free from the gdo's inter¬ 
nal spurious response by us¬ 
ing the setup shown in Fig. 2. 
An external instrument tells 
you when the gdo and the 
tank are tuned to each other. 


A high-impedance voltmeter 
or an oscilloscope work 
well. The capacitance they 
add can usually be compen¬ 
sated for once you have the 
ball-park measurement. 

A germanium diode and a 
low-range voltmeter or rnA 
meter can come close to du¬ 
plicating actual circuit con¬ 
ditions and give very good 
results. Again, the tank and 
the dipper may be separated 
by a moderate distance and 
still give easy-to-see, sharp, 
tuning peaks. A 1N34A or 
1N82 works well up to 200 
MFIz and above. A 0-1-mA 
meter or your voltmeter's 
lower range serves as the 
diode load and the in¬ 
dicator I would shy away 
from digital meters because 
the time they take to sample 
and give a change in the 
readout could let you tune 
past the peak, unless you 
tune very slowly. Addition¬ 
ally. due to their high-input 
impedance, they would need 
about a 1Q,000-Ohm resistor 
shunted across the input ter¬ 
minals to provide a more or 
less proper load for the 
diode. 

You can use a 3-5-turn air- 
wound link near or over the 
cold end of coils that don't 
have a built-in tap or link 

Even if you don't have an 
older instrument waiting for 
a new set of coils, you can 
use these techniques with 
the more modern models for 
easier, faster tweaking ■ 



COIL TABLE 



Tuning Inductance 

Wire Size 

Number 

Center 

Scramble 

Range*' 

Awg # 

of Turns 

Tap 

Wind 

244-300 kHz 6.3 mH 

32 

Lots* 

Yes 

Yes 

344-530 kHz 2.44 mH 

32 

Lots* 

Yes 

Yes 

508-900 kHz 

32 

Lots* 

Yes 

Yes 

640-1200 kHz 750 pH 

32 

Lots* 

Yes 

Yes 

965-1750 kHz 318 pH 

32 

Lots* 

Yes 

Yes 

11-2.6 MHz 322 pH 

32 

Full form 

Yes 

Single layer 

1.7-5 MHz 115 pH 

26 

Full form 

No 

Single layer 

2.8-7 7 MHz 39 pH 

26 

37 

No 

Single layer 

4.4-12 MHz 18 pH 

22 

26 

No 

Single layer 

10-26 MHz 

22 

8 

No 

Single layer 

26-70 MHz 

22 

11 

No 

Single layer 

80-205 MHz 

Brazing rod 

Hairpin loop 



*As a starting point for the low 

-frequency coils, wind one with 

100 turns 

with center tap and 

j tack it together. Then measure the frequency and go from there. Twice t 

he number of turns 

will give about four times the inductance and about one half the frequency. 

The 26-70-MHz coil is wound 

jn a ’4 ’ diameter form. It is ne 

rt to the 200-MHz hairpin loop 

in Photo B. 





* * A V. " wide copper strap abo 

ut Vz " long formed into a loop will get the oscillator up to 250 

MHz, but the oscillator may drop out around its low end, 100 MHz. 


j Inductance measurements are 

not available 

n some coils. 
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PECIAL EVENTS 


346 Peninsula Trail, Traverse City Ml Avenue, Oak Creek Wl. 
49684, for an attractive National Cherry $3.00, which includes a “h 
Festival certificate. free beverages. Parking, a 


I Free Antenna Accessories Catalog 


CW. To receive a certificate, send a large 
(8 x 10) SASE and your personal QSLcard 
confirming the contact to Hannibal Ama¬ 
teur Radio Club, inc., WiKEM. 2108 Or- 


i Coaxial Antenna Relays 

Remotely select up to 9 antennai 




5. Members from the KiSSN Club Station, 
Tri-City ARC, RASON, and SCRAMS will 


□SL via Tri-City ARC. PO Box 686. Groton 

Lane, East Lyme CT 06333; (203)-739-8016 
5r (203)446-7325 (business). 


) The Murgas ARC (K3YTL) will sponsor 
the annual Wilkes-Barre Hamfest on Sun¬ 
day, July 7, 1985, rain or shine, beginning 

$3.00 and women and children under 16 

be available Setup begins at 6:00 am. 

Committee, PO Box 1094, Wilkes-Barre 
PA 18703; (717) 388-6863. 


The Cherry land ARC will operate spe¬ 
cial-event station KA8QVH to commemo¬ 
rate the National Cherry Festival in 
Traverse City ML Dally operation is sched¬ 
uled from 0100 UTC July 7, 1985, through 


W2AU and W2DU Baiuns* 

Our baluns, center insulators and in¬ 
sulators have been preferred tor 20 
years by Hams, industry, and the armed 
forces. Protect against TVl and lightning 
1 8-200 MHz 


•«At 

I*' 


4 W2VS Antenna Traps 


Send For Yours Today* 


fully describes our Ham antenna 
cessory product line. 

Dealer inauiries also welcome. 





































MOVING? 

SUBSCRIPTION 




Get help with your subscription by 
calling our new toll free number: 

1 - 800 - 645 - 9559 * 

between 9 a.m. and 5 p.m. EST, 
Monday-Friday. 

If possible, please have your mailing label 
in front of you as well as your cancelled 
check or credit card statement if you are 
having problems with payment. 

If moving, please give both your 
old address and new address. 


1-800-732-9119. 















































































































15th ANNUAL 

INDIANAPOLIS HAMFEST™ 

' And INDIANA STATE ARRL CONVENTION 


July 13-14, 1985 

2 Full Days of: 

Commercial Exhibitors 
Large Flea Market 
Hourly Prize Drawings 
Forums 

Indiana’s Largest Electronic Flea Market and Amateur Radio Display 

INDIANAPOLIS HAMFEST. P. 0 Box 11776. Indianapolis. IN 46201 
OR CALL: (317) 894-8522 


Marion County Fairgrounds 

FREE: 

Parking 

Kids Prize Drawings 
Camping 

Womens Prize Drawings 


FO Box 222, Cherokee 




IA 75TH ANNIVERSARY 


during 1965 The WIA 
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EW PRODUCTS 








































BEST BUY ON KENWOOD 
TR-2600A $289.95 
TH-21AT $184.95 


H.L. Heaster, Inc. 

203 Buckhannon Pike 
Clarksburg, W. Va. 26301 

ORDBIS OR INFORMATION 

W. Va Toll-Free 1-800-352-3177 
Nation Wide Toll-Free 1-800-824-7888. 

operator 885 Allow 3-5days 

Florida (904) 673-4066 forretum call. 


CODE TRAINING ON THE APPLE 

C.W. TUTORSOFT teaches Character 
Word, Callsign, and QSO Phrase Rec¬ 
ognition. 

FEATURES: Randomized, Interactive 
routines, Programmed learning. Auto¬ 
mated menus, Automatic grading, Var¬ 
iable speed and pitch. 

C.W. TUTORSOFT, diskette and Studv 
Guide, $30 dollars, postpaid. 

C.W. TESTMASTER generates FCC- 
Type QSO paragraph with 13 random, 
or user-programmable, variabales, i.e., 
callsign, RST, QTH, rig. etc.. Automated 
quiz scores user comprehension. 

C.W. TESTMASTER, diskette and 
Study Guide, $30 dollars, postpaid. 

5, Box 37, Knoxville, 
EHDBs t IOWA 50138 

Ph - < 5I5 > 842-6256 
TWIN OAKS ASSOCIATES 
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j| TTY LOOP 


Marc I. Leavey, M.D. WA3AJR 
6 Jenny Lane 
Pikesville MO 21208 


one wan! to thank WA3NAN for the ser¬ 
vice. Although I can listen to the local link 

area can tune in as well on 3860, 7165. and 


another goodie, only on amateur radio! 

It's going to be hard to hide the sche¬ 
matic published this month (Fig. 1), so I 
guess I d better get to that right now. I was 
strolling through my local Radio Shack 
the other day and I noticed a sate on a few 
chips of interest to RTTYers. This month, 
let s look at catalog number 276-2337. bet¬ 
ter known as an XR-2211 phase-locked- 



You can see that the audio signal from 
the receiver is coupled through a 0.1-uF 
capacitor to pin 2 of the XR-2211. The com¬ 
ponents shown in the schematic will set 

baud transmission rate. The center fre- 



























































ONTESTS 


Robert Baker WB2QFE 
15 Windsor Dr. 

Atco NJ 08004 

CANADA DAY CONTEST 
Starts: 0000 UTC July 1 
Ends: 2400 UTC July 1 


Radio Federation (CARF), the contest Is 
open to all amateurs and everybody works 
everybody. Entry classes Include single- 
operator all bands, single-operator single 

are also separate single-operator QRP 15- 
W output) classes for all bands and single 


Signal report, consecutive serial num- 
:r starting with 001, and province. Do not 


SCORING: 

Score 10 points tor each con 
Canada. 4 points for contacts wl 




















































phone on the even hours (UTC). CW on the 
odd hours (UTC). Since this is a Canadian- 
sponsored contest, remember to stay 
within the legal frequencies for your coun¬ 
try! 


AWARDS: 

Certificates will be awarded to the high¬ 
est scorer in each category in each prov¬ 
ince/territory, US call area, and DX coun¬ 


place certificates will be awarded Add! 
tionally. several trophies will be awarded 
to some top scorers, courtesy of spon 


claimed QSOs, QSO points, a list of multi¬ 
pliers. and a calculation of final claimed 
score Cover sheets and multiplier check¬ 
lists are available. Entries should be 
mailed within one month of the contest, 
with your comments to: CARF Contest, 
do N. Waaltho VE6VW, Box 1890. Morin- 
vllle, Alberta. Canada TOG IPO 
Results will be published in TCA. the 
Canadian amateur magazine. Nonsub¬ 
scribers may include an SASE for a copy 


IARU RADIOSPORT 
CHAMPIONSHIP 
Starts: 0000 UTC July 13 
Ends: 2400 UTC July 14 


year's contests as updated rules were not 
available in time for this column. Check 
the appropriate Issue of QST for any last- 
minute changes. 

This contest is open to all licensed am¬ 
ateurs worldwide The object is to contact 
as many other amateurs in as many parts 
of the world as possible using 1.8 through 
148 MHz. Single-operator stations must 
not operate more than 36 hours of the con¬ 
test period Operating categories Include: 

A) Single operator: phone-only. CW 
only, and mixed-mode sections. One per¬ 
son performs all operating and logging 
functions. Use of spotting nets Is prohib¬ 
ited. Off times must be 30 minutes mini¬ 
mum and single-operator stations are 
allowed only one transmitted signal at any 
given time. 


B) Multi-operator s 
mixed mode only. Only one transmitted 
signal allowed at any given time and must 
remain on a band at least 10 minutes at a 
time. All operators must observe the limits 
of their operator's license at all times Sta¬ 
tions may be worked once per frequency 
band, crossmode, crossband, and repeat 
er QSOs do not count 


EXCHANGE: 

Signal report and ITU zone. 

SCORING: 

Count 1 point per QSO within your ITU 
zone, 3 points within your continent but 
different ITU zone, and five points with dif¬ 
ferent continents. Multipliers are the num- 



QSL OF THE MONTH 

To enter your QSL mail it in an envelope to 73. 80 Pine Stieet. Peterborough NH 03458. 
nol In envelopes cannot be accepted. 
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Final score is total number of QSO points 


ENTRIES: 


All entrants are encouraged to use 
forms available from lARU/ARRL head 
quarters. Send SASE or 1 IRC. Logs must 


complete exchange Multipliers and off 
times should be clearly marked In the 


WPX. Trophies to national top-scoring sta¬ 
tions in each category. Certificates to top- 
scoring stations In each call area or coun- 


EN TRIES: 

SCORE. PO Box 1161. Denville NJ 07834. 
or to CO. 76 North Broadway. Hicksville 


more than 500 QSOs total are made En 
tries must be postmarked by mid-August: 
any entry received after mid-October may 
not be In time to be Included in the printed 
results. Usual conditions of entry and dis¬ 
qualification apply. Entries should be ad¬ 
dressed to ARRL. 225 Main Street. 
Newington CT06111 


AWARDS: 

A certificate will be awarded to the high- 
scoring CW-only, phone-only, mixed¬ 
mode. and multi operator entrant In each 

DXCC country In addition, achievement- 
level awards will be issued to those mak 
ing at least 250 QSOs or having a multi¬ 
plier total of 50 or more Additional awards 

country's IARU society. 


CO WORLDWIDE VHF 
WPX CONTEST 
Starts: 0000 UTC July 20 
Ends: 0000 UTC July 22 

This is a brand-new event sponsored by 
CO magazine but SCORE, the Society of 
Contest Operators and Radio Experiment¬ 
ers, of Denville NJ, is the administrative 
head of the contest committee. This con¬ 
test is an international VHF/UHF compe¬ 
tition where multipliers are prefixes and 
there are eight different levels of competi¬ 
tion in each geographic area. 

Details on SCORE and the contest 
ideas were presented In the February '85 
issue of CO. with possible updates to fol- 


ute changes II all goes well, Iti 
planned to be an annual event! Anyone In¬ 
terested In sponsoring awards can con¬ 
tact SCORE or CO at the addresses listed 

Classes ol entry include: single-opera 
tor. single-band: single-operator, multi- 
nd. single-operator, single-band, low- 
jr. single-operator, rr 

er source), and FM-only Low 
power is defined as 25 Watts PEP output 


frequencies from 6 meters through 23 cm 
(50. 70. 144. 220. 432. and 1296 MHz) All 
authorized modes are allowed lor conlest 


counted for contest credit. Satellites are 
considered repeaters! 

EXCHANGE: 

Consecutive serial number and callsign 


SCORING 

Multipliers are prefixes worked per 
band. Score 1 point per QSO on 50. 70. or 
144 MHz. 2 points per QSO on 220 and 432 
MHz. 4 points per QSO on 1296 MHz. Work 
stations once per band, regardless of 
mode. Multiply total QSO points times to- 

the prefixes worked per band). 


AWARDS: 

For first-year participants, a commemo 
ratlve certificate will be issued to every en- 


CW COUNTY 
HUNTERS CONTEST 
Starts: 0000 UTC July 27 
Ends: 0200 UTC July 29 

The CW County Hunters Net Invites all 
amateurs to participate In this year's con¬ 
test. All mobile and portable operation in 
less active counties Is welcomed and en¬ 
couraged Stations may be worked once 
on each band, and again if the station has 
changed counties. Portable or mobile sta¬ 
tions changing counties during the con¬ 
test may repeat contacts for QSO points. 

EXCHANGE 

QSO number, category (P for portable. 
M for mobile). RST. stateJprovincefcoun- 
try. and US county. Stations on county 
lines give and receive only one QSO num¬ 
ber, but each county is valid for a multi¬ 
plier for the receiving station. 
FREQUENCIES: 

3575. 7055, 14065. 21065. 28065. On 20 
and 40 meters, mobile and portable sta- 

suggested frequencies Fixed stations CO 
or QRZ above the suggested frequencies. 
SCORING: 


QSOs with portable or mobile stations are 
3 points. Multiply the sum of all QSO 


competition for the High Portable or High 
Mobile Trophy. 


AWARDS: 


Certificates will be awarded in three 


P) Highest station in each slate oper¬ 
ating portable from a county which is not 
its normal point of operation, when total 
score exceeds 1.000 points 
F) Highest fixed or fixed-portable sta¬ 
tion In each state, province, and country 
when total score exceeds 1,000 points. 

M) Highest station in each state oper 
ating mobile from 3 or more counties with 
a minimum of 10 QSOs In at least each of 
3 counties. 


mobile, portable, and fixed stations In the 
USA who meet the above requirements for 
certificates. Additional awards will be Is¬ 
sued where deemed appropriate. 


ENTRIES: 

Logs must show category, date/time in 
UTC. station worked, band, exchanges. 
QSO points, location, and claimed score. 
All entries with 100 or more QSOs musi in- 

be disqualified from receiving awards. En¬ 
close a large SASE if results are desired 
Logs must be postmarked by September 
and sent to: CW County Hunters Net. do 
Jerry Burkhead N6QA. 7525 Baltic St.. San 
Diego CA 92111. 








ETTERS 


ISHMOD EXPLAINED 
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Charles VK9AB 


73 International 


Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign correspon¬ 
dents, we present the latest 
news in DX, contests, and events, 
as well as keep you abreast of 
the technical achievements of 
hams in other countries. 

If you would like to contribute 
to your country’s column, write 
to your country's correspondent 
or to 73 Magazine, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Perry Donham KWIO. 











































































































































































































































Propagation 

Jim Gray W1XU 
73 Staff 
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1 = Possible 80-meter openings. 
* = Check next higher band. 
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News from the Publisher 


Dr. Marc Leavey WA3AJR celebrated his eighth anniversary with 73 earlier this year, and I 
did want to make sure that his hard work and ninety-six-plus "RTTY Loop" columns didn't 
go unrecognized. In our reader polls over the years, “RTTY Loop” has always ranked right 
up near the top of the preferred features list, a reflection no doubt not just of continuing 
interest in radioteletype, but also of the skill and care evident In WA3AJR's column every 
month. Thanks, Marc! 

Our appreciation and congratulations go also to Bob Baker WB2GFE, our “Contests" 
columnist, who this month marks his tenth anniversary with 73. As WA1SCX in 1975, Bob 
found himself president of a newly-formed ham club at Digital Equipment Corporation. "One 
of our very first programs was a talk given by Wayne Green, who had been Invited down for 
the evening. After dinner, I joked about 73 not having a contest column. I was challenged to 
start something and that’s how the contest calendar got started." The author of more than 
75 published articles. Bob is now the Manager of Software Development for Datamedia 
Corporation in Rennsauken, New Jersey, and owner of his own small supplies and software 
business. Baker Enterprises. Fortunately for us all, he still finds time for contesting, DX, and 
county hunting, and—most important—for writing our "Contests" column. On behalf of our 
staff and readers. Bob, many thanks and best wishes for at least another successful ten! 

Speaking of columns, I call your attention to Perry KWlO’s “QRX" this month, where 
you’ll find news of proposals approved by the ARRL Executive Committee to enhance Nov¬ 
ice privileges. The idea here is not just to attract new Novices, but to retain them in the 
Amateur Radio Service—to make Novice operation and opportunities more FUN. Please 
drop me a line and let me know what you think about these ideas. We think they have merit. 

The mailbag does continue to be full every day, and we do thank you for taking the time 
to send along your thoughts and comments, your QSLs, your club newsletters, and news 
items of interest about everything under the sun. We’re always interested in what’s going 
on in your neck of the woods, and the best way we find out is by you letting us know what’s 
happening. Here’s a reminder, too, that we do make random follow-up calls to letter-writers 
to talk in greater depth with them about their ideas for amateur radio and for 73. This 
month’s calls went to hams in the states of New Hampshire, New York, and California, as 
well as to one In London. 

This month's incoming call-of-the-month was great. We were In the midst of some very 
severe weather—high winds, torrential downpour, yellow-brown skies. The phone rang 
(beeped actually) and the caller identified himself as a New Hampshire ham. It was Impor¬ 
tant, he said—he had to speak to KW10. Well, there was a real sense of urgency In his voice 
and New Hampshire has had tornadoes, so I left the phone off the hook and scrambled to 
find Perry. I told him I thought it could be an emergency, and Perry rushed into my office and 
picked up the phone. Then he rolled his eyes and smiled. No emergency. The guy was just 
really excited about getting on computerized RTTY as soon as possible. Could we tell him 
how? Another new fan for "RTTY Loop”! 
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Novice Phone? 

THE ARRL EXECUTIVE COMMITTEE has 
approved a plan which would allow Nov¬ 
ices greater privileges, including phone 
operation on three bands. The proposal, 
developed by the League’s headquarters 
staff, calls for Novice voice and data trans¬ 
mission on the 28-, 220-, and 1200-MHz 
bands. On ten meters, Novices would be 
allowed CW and data emissions from 28.1 
to 28.3 MHz and CW and SSB from 28.3 to 
28.5 MHz. From 220 to 225 MHz, they 
would be given all voice and data modes 
with a power limitation of 25 Watts output 
and a prohibition against operating a re¬ 
peater. Between 1246 and 1260 MHz, privi¬ 
leges would be similar to those on 220 
MHz, with an output limit of 5 Watts. The 
plan also calls for an increase in the num¬ 
ber of questions in the Element 2 exami¬ 
nation from 20 to 30 to reflect the added 
responsibility of the new modes of opera¬ 
tion. Technicians, of course, would gain 
the new HF authorization. So that General-, 
Advanced-, and Extra-class ticket-holders 
do not feel slighted, they would be able to 
use full output power within the new Nov¬ 
ice subbands. Please note that approval by 
the Committee is only a first step on the 
road to proposed rulemaking. FCC Special 
Services Division Chief Ray Kowalski, in a 
telephone interview with the W5YI Report, 
said, “Expanding Novice privileges is not 
being considered in response to a prob¬ 
lem, but rather to... keep amateur radio at¬ 
tractive and vital with new blood." 73 will 
keep you up to date on this important is¬ 
sue through this column and the 73 RBBS 
at (603)-924-9809. 

Micro DX 


A NEW NORTH AMERICAN DX RECORD 

on 1296 MHz may have been set by Ott Fle- 
bel W4WSR and Wes Atchison WA5TKU. 
Ott and fellow experimenter Al Ward 
WB5LUA tried for nearly a year to bridge 
the 1073-mile gap between their stations 
and establish a new terrestrial 1296-MHz 
record. Not until June 3, 1985, did favor¬ 
able conditions appear. In Ott’s words, “I 
commenced our sked at 0100 UTC and 
stood by. Al came back with such a signal 
that I thought it was a local trying to break 
in! We immediately switched to SSB and 
exchanged 59+ reports. Boy, when this 
band opens, it opens! We switched to 70 
cm to spread the good news...Wes 
WA5TKU joined.. and we proceeded to try 
our luck on 23 cm. Wes is another 39 miles 
west of Al and doesn't have near the setup 
Al has, but we had to try anyway. At 1137 


UTC I copied Wes RST 529 and he gave me 
a 549. To the best of my knowledge, this 
contact establishes a new North American 
record of 1112 miles!” Poor Al had waited 
nearly a year to hold the record for only a 
few minutes. 

Kansas Sitting 


A UNANIMOUS VOTE of the Kansas Re¬ 
peater Council will keep that state on the 
15-kHz repeater band plan. Meeting in Sali- 
na, the group heard reports from Frank 
Park and Joe Eisenberg concerning the 
technical and compatibility aspects of 15- 
versus 20-kHz splits. In approving the pro¬ 
posal to stay with the 15-kHz plan, the 
council also affirmed its desire to remain 
compatible with neighboring states Colo¬ 
rado, Nebraska, Iowa, and Missouri, all of 
which have also rejected the 20-kHz band 
plan. 

Debutant 


“ABOVE AND BEYOND,” 73’s new VHF/ 
UHF column, debuts this month. Peter Put¬ 
man KT2B will offer a variety of informa¬ 
tion each month, such as product reviews, 
grid-square news, expedition announce¬ 
ments, and operating techniques. You may 
recognize Pete’s name from his amazing 
multiple-projector slide shows on contest¬ 
ing or his inventive construction articles. 
At home, he uses mainly home-brewed 
gear, with a kilowatt on 144 MHz, 120 
Watts on 220 MHz, 500 Watts on 432 MHz, 
and 20 Watts on 1296 MHz. If you are a 
VHFer or would like to be one, why not 
drop Pete a note and let him know what 
sort of thing you would like to read about? 
His address is 84 Burnham Road, Morris 
Plains NJ 07950. 

Soviet Solution 


ARE YOU FRUSTRATED by having to wait 
such a long time for QSLs to arrive from 
the USSR? Ed Kritsky KA2MXO may have 
just the thing for your anxiety. Box 88 is 
not the only way to QSL the Russians, and 
to prove it Ed has produced a complete list 
of oblast-level QSL bureau addresses. In a 
story which appeared recently in the 
DX’ers Magazine, Ed says, “It is perfectly 
all right for you to QSL directly using this 
info. People who already have done it re¬ 
port very good results.” Ed is selling the 
list for $4.95 and is using the money to 
send Callbooks and other ham-radio liter¬ 
ature to Soviet amateurs. You can contact 
Ed at PO Box 715, Brooklyn NY 11230. 


EDITED BY PERRY DONHAM KWIO 


Radio Police 


“DON’T BE A PROBLEM,” said FCC Com¬ 
missioner Ray Kowalski to a conference of 
repeater coordinators at the Dayton Ham- 
vention. Kowalski, addressing a forum on 
VHF spectrum management, made it clear 
that he is concerned about the future of 
amateur radio. “The current political mode 
for dealing with problems is to get rid of 
them,” he explained. “You are sitting on 
very valuable spectrum. There are sharks 
out there who have mentioned that spec¬ 
trum and would love [to have] it. Think on 
how it plays in the halls of the FCC if 
someone says, ‘This has become a prob¬ 
lem service; let’s get rid of it. It will go 
away and we can give that spectrum to 
people who need it [instead] of a bunch of 
hobbyists.’ That's how it will play if it 
comes down to a solution to solve a prob¬ 
lem. Do not become a problem.” More spe¬ 
cifically, the Commissioner chided hams 
for running so quickly to the FCC with 
every little problem. Kowalski reminded 
the group that amateur radio is a self-po¬ 
licing service and that we should be able 
to solve our problems with a minimum of 
regulatory action. “Don’t come running to 
us for some kind of policy or rulemak¬ 
ing. . .you won’t like the solution!” 

Hot Turkey 


AMATEUR RADIO HAS TAKEN OFF in Tur¬ 
key! Soon after the Turkish Parliament 
passed a bill allowing hams back on the 
air, seven operators received their licenses 
and began to assemble stations. Currently 
four amateurs are active: Unal Akbal TA1A, 
Salim Unuvar TA1B, Metin Kutlu TA1C, and 
Mehmet Basak TA1D. The remaining three, 
who have not yet received callsigns, are 
Tuncer Topdemir, Aziz Sasa, and Mustafa 
Tandogan. More license examinations are 
planned, so the activity level from this 
country should begin to slowly rise as 
more and more stations are established. 
For now, look for TA1A and TA1C on 15 and 
20 meters from 1800 to 2300 UTC daily. 

YAP 


PRESIDENT REAGAN is indirectly backing 
amateur radio in a big way through the 
Young Astronaut Program (YAP). YAP, a 
group which consists of at least 50,000 
schoolchildren enrolled in nearly 2,000 
chapters nationwide, is part of the White 
House Office of Private Sector Initiatives. 
YAP Director Dr. Kerry Joels met recently 
with ARRL Development Manager Bill Laz- 
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zaro N2CF to talk about integrating ama¬ 
teur radio into YAP. The discussion 
centered around linking YAP chapters with 
local amateur-radio clubs and about the 
possibility of a joint YAP-AMSAT satellite. 
Dr. Joels said that he had found “strong 
corporate enthusiasm" for a proposed geo¬ 
synchronous system which would be un¬ 
derwritten by industry contributions. The 
Young Astronaut Program has an incredi¬ 
ble potential for bringing ham radio direct¬ 
ly to children who are at that wonderful 
age when everything is new and exciting. 


Clear As ... 


THE FCC HAS RECONSIDERED its recent 
editorial change of Section 97.121 which 
attempted to clear up apparent confusion 
as to when an amateur could transmit a 
callsign other than his own (after David 
Popkin W2CC politely pointed out that the 
new rule implied that any use of another 
callsign was prohibited). Luckily, the Com¬ 
mission agreed and has now reworded the 
offending paragraph to specify that ama¬ 
teurs simply must not transmit false or de¬ 
ceptive signals, including identifying with 
a call that is not assigned to the station. 
Of course, a guest operator at your station 
may still sign with his own call, providing 
he stays within the limitations of his li¬ 
cense. And "tactical” calls on nets are still 
OK as long as the proper method of iden¬ 
tification for this type of operation is ob- 

Mag Mod 


AS ATV MAGAZINE has changed both its 
format and its name. The new Spec-Corn 
Journal features a larger page size and an 
expanded focus on all forms of specialized 
amateur communications. In response to 
concerns that fast-scan TV would not be 
adequately covered, publisher Mike Stone 
WB0QCD replied, "A5’S readers have be¬ 
come specialty operators in modes other 
than ATV. (But] fast-scan television is the 
first interest of Spec-Com, and a large per¬ 
centage of the publication will always re¬ 
flect this." Get complete details on this 
new magazine by writing to Spec-Com 
Specialized Communications Journal. PO 
Box H, Lowden IA 52255, 


More Stuff! 


THE FLOOD OF FREEBIES from 73 contin¬ 
ues with this month's incredible bargain: a 
newly-updated list of Volunteer Examiner 
Coordinators. That’s right, all 31 FCC-ap- 
pointed VECs on one convenient reference 
sheet. But that’s not all! Limited supplies 
of the Giant Worked All States Map (11 ’ x 
17*) are still available. Now how much 
would you pay? But wait—we'll throw in a 
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copy of the popular Ten-Meter Beacon List, 
an information-packed aid you’ll use again 
and again. All of these fantastic values 
can be had for the same low price—a large 
SASE sent to 73 Magazine, Editorial De¬ 
partment, 80 Pine Street, Peterborough NH 
03458, Attn: VEC List. 


Armadillos, Ho! 


THE ARMADILLOS ARE RUNNING AGAIN 

in Texas! In 1983, the members of the 
Texas DX Society decided to try their hand 
at county hunting by activating all 254 
Texas counties during the County Hunters 
CW contest. Fewer than 60 hams covered 
262,000 square miles in less than 48 hours 
to accomplish the feat. In 1984, the club 
expanded the “Armadillo Run,” as it came 
to be called, to include the states of Arkan¬ 
sas, Louisiana, and Mississippi. Now the 
group has even bigger plans—a national 
Armadillo Run! That's right, they will at¬ 
tempt to activate every county in the 
United States during the County Hunters 
phone and CW contests in May and July of 
1986. Plans are already well under way for 
this amazing event, but you can still ar¬ 
range to be in on the fun by contacting the 
1986 Armadillo Run Coordinator, Tom Taor¬ 
mina K5RC, Route 1, Box 307, Manvel TX 
77578. 


Bulletin Bored? 


AN INCREDIBLE NUMBER of computer- 
based bulletin boards has sprung up 
around the country, including one here at 
73. We’d like to put together a directory of 
ham-related systems in the United States 
—but we need your help. Jot down infor¬ 
mation about your favorite amateur-radio 
RBBS, including telephone number, baud 
rates supported, and special features, and 
send it to 73 Magazine, Editorial Depart¬ 
ment, 80 Pine Street, Peterborough NH 
03458, Attn: RBBS. We’ll compile a bulle¬ 
tin-board mini-directory and make it avail¬ 
able through “QRX." 


Ham Hero 


ALAN GERSHBEIN W4LTA narrowly es¬ 
caped death recently with the help of ham 
radio. While walking along a beach In the 
Bahamas, Alan stepped on what he first 
thought to be a shell, but was in fact a 
deadly stonefish. Within a short time, 
Alan’s foot and ankle had swollen to 
nearly twice their normal size, and excru¬ 
ciating pain was shooting up his leg. He 
began to have trouble breathing. Alan in¬ 
structed his wife Nancy to call for emer¬ 
gency medical assistance on the 14.313 
Maritime Mobile Net with his new Ken¬ 
wood TS-430S. Even though Nancy is not a 


ham, she knew that 14.313 MHz was pro¬ 
grammed into one of the 430’s memory 
channels and succeeded in calling up the 
frequency to the vfo. Luckily, Alan had just 
installed a J. L. Industries Antuner, which 
automatically matched the antenna’s 
Impedance to the transmitter's. Nancy 
called net control operator Randy Maurer 
WA3HLP, who kept the frequency clear 
and relayed instructions from the Tampa 
Poison Control Center. Nancy followed the 
Center’s directions, and Alan's relief (and 
Nancy's!) was almost immediate. 


Spread Specs 

SPREAD-SPECTRUM COMMUNICATION 

has been approved for amateur use on fre¬ 
quencies above 420 MHz, but there is a 
catch. Although the final ruling has been 
published, it will be one year before any 
transmissions will be allowed. This is, ac¬ 
cording to the FCC, “in order to give the 
amateur community time to develop initial 
voluntary interoperability standards as 
they have done recently in packet radio." 
In other words, time to get our act to¬ 
gether. There also will be a limit of three 
possible spreading sequences so that 
monitoring stations won’t have to step 
through an infinite number of possibilities, 
and identification must be made in CW, 
SSB, or FM. The FCC is encouraging ex¬ 
perimenters to apply for STAs. If you are 
interested in helping explore amateur 
spread-spectrum, get in touch with the 
Amateur Radio Research and Develop¬ 
ment Corporation (AMRAD) at PO Drawer 
6148, McLean VA 22106-6148. 


Preview 


COMING UP NEXT MONTH in 73: Anten¬ 
nas! That's right, it's time to get out and 
build that new antenna before winter sets 
in. You’ll find skywires for every type of op¬ 
eration and every budget. Plus, we’ll show 
you how to build and align the DSE Com¬ 
mander 2m transceiver. Of course you'll 
see all of your favorite features, including 
“Above and Beyond,” our new VHF/UHF 
column. October? Our gala Silver Anniver¬ 
sary Issue! 


Bravo! 


SINCERE THANKS to Paul Courson 
WA3VJB, Bill Pasternak WA6ITF, the AM¬ 
RAD Newsletter, H. Veysel Guleryuz, the 
W5YI Report, Tom Taormina K5RC, Gus 
Browning's DX’ers Magazine, Wendell Wil¬ 
son W8TQ, Ott Fiebel W4WSR, Louis Perl- 
mutter W4LP, George Wood of Radio Swe¬ 
den International, The TSRAC BNT, and 
The ARRL Letter for helping out with this 
month’s news. 













Leo Simpson 
140 loynton Avenue 
PO Bos 227 
Waterloo NSW 2017 


The Downunda Project: Part I 

Stone the crows! This fairdinkum 2m transceiver 
from Australia really scores a six! 


Reprinted with permission from Electronics Australia. 


B y any standard, the UHF 
transceiver described in 
the September, October, and 
November, 1983, issues of 
Electronics Australia has 
been an outstanding suc¬ 
cess. Many hundreds have 
been successfully built and 
the kit supplier responsible, 
Dick Smith Electronics, has 


not been able to keep up 
with the demand. 

As the reputation of the 
UHF transceiver has grown, 
more and more amateurs 
have decided to have a go at 
building a really worthwhile 
piece of gear for themselves. 
At the same time, they can 
save a substantial amount of 


money over the price of an 
equivalent commercial unit. 

We're very glad to able to 
report this development be¬ 
cause it signals a resurgence 
in the construction of gear 
amongst amateurs who, for 
a long time, have been con¬ 
tent to buy rather than build. 

Just as night follows day. 
there was bound to be a call 
for a two-meter version of 
the transceiver. The VHF ver¬ 
sion was just crying out to be 
produced. 

Well, now it has hap¬ 
pened. The same people that 
produced the UHF kit, Garry 
Crapp VK2YBX/T and Gill 
McPherson VK2ZGE, have 
put their thinking caps on 
and produced a two-meter 
transceiver that will cer¬ 
tainly set any keen amateur 
longing. 

Features 

As the accompanying 
spec panel shows, this new 
two-meter transceiver has 
very good performance 
which is matched by the fea¬ 
tures that most amateur-ra¬ 
dio operators want. Note 
also that there are very few 
options available because 


they are all built into the ba¬ 
sic radio. 

Operating facilities on the 
new transceiver are all that 
most amateurs would want 
without all the "bells and 
whistles" of some of the 
more fancy models. There 
are none of those hard-to-re- 
member-how-to-use memo¬ 
ries, and the frequency 
readout and selection is via 
no-nonsense push-button- 
type thumbwheel switches. 

As is usual practice with 
two-meter amateur trans¬ 
ceivers, the two most signifi¬ 
cant digits of the frequency 
section are omitted, which 
means that there is an as¬ 
sumed decimal point be¬ 
tween the first and second 
digits of the three-digit read¬ 
out fi e., 14- --MHz). In 
Photo A, this means that the 
transceiver is set for a fre¬ 
quency of 148.42 MHz. 

Standard controls for vol¬ 
ume and squelch require lit¬ 
tle comment, as does the 
signal-strength/power meter. 
The microphone socket is a 
standard configuration al¬ 
lowing press-to-talk opera¬ 
tion. 

In addition, there is a 
three-position switch for sim- 



Photo A. The DSE Commander two-meter transceiver kit. 



Photo B. Inside the Commander. 
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A complete kit is available for S149 plus postage and handling 
from Dick Smith Electronics, PO Box 2249, Redwood City CA 
94063. 







plex and ±600-kHz trans¬ 
mitter offset for working into 
repeaters. There is also an 
anti-repeater (reverse) but¬ 
ton so that the transceiver 
can be used to listen in on 
the repeater receiving fre¬ 
quency 

Finally, there is the 5-kHz 
offset switch which effec¬ 
tively doubles the number of 
channels from 400 to 800, al¬ 
beit with 5-kHz channel 
spacing. 

How It Works 

For those not familiar with 
the series of articles on the 
UHF transceiver, let's now 
go through the block dia¬ 
gram, before attacking the 
main circuit diagram. Refer 
now to Fig. 1. 

The block diagram shows 
that the transceiver is split 
into two sections, receiver 
and transmitter, which come 
together in the antenna fil¬ 
ter. Both sections employ a 
common frequency synthe¬ 
sizer and voltage-controlled 
oscillator. 

The receiver is a conven¬ 
tional double-conversion 
superheterodyne with inter¬ 
mediate frequencies at 10.7 
MHz and 455 kHz. The sec¬ 
ond conversion from 10.7 
MHz to 455 kHz is achieved 
in an integrated circuit 
which also includes limiting 
amplifiers and an FM quad¬ 
rature detector. From there 
the signal is passed to an au¬ 
dio amplifier. 

The vco (voltage-con¬ 
trolled oscillator) has two 
modes and, as you might 
have guessed, these are 
transmit and receive. In the 
transmit mode, the vco is set 
to an exact frequency within 
the range of 144 to 148 MHz 
by the frequency synthesizer 
which, in turn, is controlled 
by the offset oscillator. The 
output of the vco is fed via 
Q17 and Q18 to the rf power 
amplifier and thence via the 
antenna filter circuit to the 
output socket. 

In the receive mode, the 
vco is set at a frequency ex¬ 
actly 10.7 MHz below the in¬ 
coming frequency. This is 
necessary to give the 10.7- 



MHz intermediate fre¬ 
quency at the output of the 
mixer, Q7, The lower vco fre- 
quency is obtained by 
switching a different crystal 
into the offset oscillator. 

Circuit Details 

Now let's have a look at 
the circuit diagram (Fig. 2). 
Don't shudder. We'll con¬ 
sider the receiver circuitry 
first. 


Input signals from the an¬ 
tenna are fed via the an¬ 
tenna filter and rf-switching 
network on the extreme 
right-hand side of the circuit 
diagram. The signals pass via 
L30, L29, L27, L26, L28, and 
Cl 23. From there they go to 
the input of Q6 via trans¬ 
former L2 and C11 (on the ex¬ 
treme left-hand side of the 
circuit). 

The rf switching is per¬ 
formed by D13 (near L28, on 
the right-hand side of circuit¬ 
ry). In the transmit mode, 
D13 is forward-biased and 
thus shorts out any rf signal 
from the transmitter which 
would otherwise be fed into 
the receiver input 

Q6 is a conventional com¬ 


mon-emitter amplifier with 
L3 as its collector load. L3 is 
part of the three-stage band¬ 
pass filter which only ac¬ 
cepts signals in the 144-to- 
148-MHz range. 

MOSFET Q7 is the mixer. 
Gate 1 of Q7 is the incoming 
rf signal while gate 2 is the 
vco (local-oscillator) signal. 
L6 is the drain load of Q7 and 
the mixer output is the differ¬ 
ence frequency, 10.7 MHz. 


This is passed via FL1, a two- 
pole filter, to IC1. 

IC1 is a Motorola MC3357 
device specifically designed 
for use in a narrowband FM 
dual-conversion communi¬ 
cations receiver, which is ex¬ 
actly what this circuit is. We 
have already talked about 
the first conversion, which 
takes place in mixer Q7, 
from 144 (to 148 MHz) down 
to 10.7 MHz. The MC3357 
handles the second conver¬ 
sion using an internal 10.245- 
MHz local oscillator. 

This gives a second inter¬ 
mediate-frequency signal of 
455 kHz which is amplified, 
limited, and detected by IC1. 
IC1 also provides the 
squelch function. 


In greater detail, crystal 
XI at pin 1 of IC1 sets the lo¬ 
cal-oscillator frequency to 
10.245 MHz. This is inter¬ 
nally mixed with the 10.7- 
MHz signal from Q7 to pro¬ 
duce a 455-kHz i-f, which is 
then fed to an external filter 
at pin 3. Transistor Q8 ampli¬ 
fies the filtered 455-kHz sig¬ 
nal and feeds it back into the 
limiting-amplifier input at 
pin 5. 

The limiting amplifier is a 
five-stage differential ampli¬ 
fier which boosts the 455- 
kHz signal well into clipping, 
at its output. That is, we say 
the signal is limited. This ef¬ 
fectively removes any ampli¬ 
tude variations (AM) so that 
the signal only contains fre¬ 
quency modulation. 

The limited signal is then 
fed to the internal FM quad¬ 
rature detector associated 
with coil L7 and capacitor 
C37 at pins 7 and 8. 

The detected audio is ex¬ 
tracted from pin 9 and fed 
via R33 and C35 to VR40, the 
volume control. At the same 
time, a sample of the signal 
is coupled via R32 and C33 
to an internal amplifier be¬ 
tween pins 10 and 11. 

This amplifies any noise 
signal (hiss) above the ex¬ 
pected audio passband 
which is then rectified by D7 
and used to "squelch" the 
audio output via control pin 
12. VR39 is the squelch con¬ 
trol. 

Transistor Q8 feeds a por¬ 
tion of the 455-kHz signal 
(before limiting is applied) to 


"We are happy to give full rights to any kit 
or parts supplier to sell or reproduce the 
board or circuit for this project. We feel this 
is the best way for the whole industry... the 
more people there are who construct proj¬ 
ects , the more hobbyists there will be ben¬ 
efiting all of us."—Ike Bain VK2AIG/W6, 
President, Dick Smith Electronics. 
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Fig. 2. Schematic diagram. 


IC7, the meter amplifier. This Transistors Q9 to Q12 with negative feedback ap- capacitor, C47. Its collector 
produces an indication of form a conventional audio plied to the emitter via R44. load is R49 and the speaker 

signal strength when in the amplifier. Q9 is a straightfor- Q10 is a class-A driver with itself, 

receive mode. ward common-emitter stage bootstrapping via the output If the speaker is discon- 

18 73 tor Radio Amateurs • August, 1985 




























General 

Specifications 

Frequency coverage 

144 to 148 MHz (see text) 

Channel spacing 

10 kHz, with 5-kHz offset 

Number of channels 

400 @ 10 kHz, 800 @ 5 kHz (see text) 

Frequency stability 

within ±10 ppm from 0 to 60°C 

Modulation 

frequency modulation 

Temperature range 

from 5 to 50°C 

Duty cycle 

two minutes transmit, two minutes re- 

Supply voltage 

12 to 15 V dc, test voltage 13.8 V dc 

Polarity 

negative chassis 

Current drain 

receive: muted, 110 mA; unmuted, 300 
mA 

transmit: 1.9 A at 10 W; 2.5 A at 15 W 

Protection 

Transmitter 

(a) 3-A in-line fuse 

(b) diode reverse polarity protection 
(DI) 

(c) rf power amplifier can withstand up 
to 5:1 vswr and open- or short-cir¬ 
cuit conditions for at least two 
minutes 

(d) audio power amplifier can with¬ 
stand open circuits continuously 
and momentary short circuits 

Power output 

10 Watts nominal, 15 Watts maximum 

Maximum deviation 

limited to 5 kHz under normal opera¬ 
tion; up to 10 kHz with overdrive 

Distortion 

less than 10% at 3-kHz deviation 

Spurious emissions 

less than 60 dB with respect to carrier 

Harmonics 

less than 60 dB 

Microphone sensi¬ 
tivity 

Receiver 

5 mV rms 

Sensitivity 

0.5 M V into 50 Q for 12-dB Sinad; 
typically 0.4 mV 

Selectivity 

better than 60 dB at ±25 kHz 

Audio power 

1 Wat 1%THD into 811 

Frequency response 

6 dB/octave rolloff above 1 kHz 


Transmitter Operation R62, C57, and R64. Dll is in 

The transmitter is con- the tank circuit of the vco 
trolled by the press-to-talk (Q 16 > a "d ls able to fre- 
switch on the microphone quency modulate the vco 
and this controls the various according to the micro¬ 
supply rails, as mentioned phone-signal voltage, 
before. We ll come back to The vco is a conventional 
that. The signal from the mi- grounded-gate oscillator us- 
crophone is fed to the ' n 8 an N-channel FET. It os- 
preamplifier (Q13 and Q14) cillates at a nominal 146 
which provides substantial MHz (center of band) as set 
gain The amplified signal is by L8 and C64. Varicap D12 
fed via C52 to a diode limit- sets the v co to the exact fre- 
ing circuit (D9 and DIO) quency required, as con- 
which prevents the following trolled by the frequency 
stages from being over- synthesizer, 
loaded The main vco output sig¬ 

nal is taken from its source 
The signal from DIO is fed and fed to Q17 and Q18, 
to Q15, a two-pole active-fil- which are transformer cou- 
ter stage with unity gain. The pled, and thence to Q19 and 
output of this stage is the Q20, which are more or less 
modulating signal which is conventional common-emit- 
applied from trimpot VR61 ter amplifier stages. Q21 and 
to varicap diode Dll via Q22, on the other hand, are 
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class-C power-amplifier 10.24 MHz, which when di¬ 
stages which operate with- vided by 1024 produces a 
out forward bias at their reference frequency of 10 
bases. kHz at pin 7. 

By way of explanation, in IC5, the phase compara- 
a class-C amplif ier such as tor, compares the 10-kHzref- 
Q22, the collector current erence frequency from IC6 
flows for substantially less against the 10-kHz output 
than every alternate half from the programmable fre- 
cyde with the tuned circuit quency divider, IC4. The out- 
preventing the generation of put at pin 3 of IC5 is the PLL 
harmonics. In effect, a class- error voltage, which is a se- 
C amplifier tank circuit can ries of pulses. These are fil- 
be considered as the analog tered to produce smooth dc 

of a flywheel which has a by R91, Cl 56, R87, R86, and 

short burst of energy applied Cl 53. This dc error voltage is 
to it during every cycle. It is then applied to D12 in the 
a highly efficient amplifier. vco (Q16) to maintain con- 
The output power from trol over the vco output. 

Q22 is coupled to the an- As shown on the circuit, 
tenna filter circuit men- when the PLL is in the lock 

tioned previously. The path condition and the vco out- 
is via L26, L27, L29, and L30 put is 144 MHz, then the er- 
to the output socket. A mea- ror voltage at TP3 is 2.7 volts 
sure of the transmitter out- dc (after setting up.) 
put is provided as follows: Where the frequency-syn- 

Cimmick capacitor Cl69 thesizer circuit diverges 
(two wires twisted together) from normal PLL practice is 
feeds a small portion of the that the programmable di¬ 
transmitter output to D14, vider does not merely "di- 
which rectifies the signal and vide down" the output of the 
applies the resultant dc to vco. Instead, IC4 divides the 
the signal meter via R109 difference between the vco 
and filter capacitor Cl 34. output and the third har¬ 
monic of the offset oscilla- 
Frequency Synthesis tor 

The method of frequency The reason for this indi¬ 
synthesis is essentially a vari- rect procedure is that it is not 
ation on the conventional possible to easily provide for 
phase-locked-loop (PLL) cir- programmable division di- 
cuit. A PLL normally is com- rectly from 144 MHz. 
posed of a voltage-con- What happens is this. The 
trolled oscillator (vco), a offset oscillator, Q26, oper- 
reference oscillator, a pro- ates at 44.234966 MHz in 
grammable frequency di- receive mode and at 
vider (fed by the vco), and a 47.801666 MHz in transmit 
phase comparator which mode. The relevant crystals, 
compares the frequency-di- X4 and X3, are switched into 
vided output of the vco with circuit by diode D23 or D22. 
the reference oscillator. The collector output cir- 

For a VHF transceiver it is cuit of Q26 is tuned to the 
usual to have three oscilla- third harmonic of these fre- 
tors: a vco, a reference oscil- quencies, i.e., 132.704898 
lator, and an offset oscilla- MHz and 143.404998 MHz. 
tor. In this case, the vco is Depending on whether 
Q16, the reference oscillator the transceiver is in receive 
is associated with IC6, and or transmit mode, one or the 
the offset oscillator is Q26. other of these offset fre- 
IC5 is the phase comparator quencies will be subtracted 
and IC4 is the programmable from the vco output fre- 
divider. quency by the offset mixer. 

Let's start by looking at Q27. The difference fre- 
IC6. This 1C is a combined os- quency will range from 595 
cillator and divider with a di- kHz (e g., 144-143.405) to 
vision ratio of 1024. It drives 4.595 MHz (148-143.405). 
crystal X2 at a frequency of It is this range of differ- 
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ence frequencies which is 
applied to the programma¬ 
ble frequency divider, IC4, 
via Q28 and Q29. 

So IC4 is programmed by 
the thumbwheel switches to 
divide the relevant differ¬ 
ence frequency from Q27 to 
provide a 10-kHz output 
which is applied to the phase 
comparator, IC5. 

Note, by the way, that the 
difference between the 
transmit and receive offset 
frequencies is 10.7 MHz, 
which is the required inter¬ 
mediate frequency. 

So far, so good. But now 
we have to backtrack a little 
There is a problem in that 
IC4 cannot precisely divide 
frequencies that are not an 
exact multiple of 10 kHz. 
Therefore, that example of 
595 kHz (the lowest differ¬ 
ence frequency) is not valid. 
And in fact, those offset os¬ 
cillator frequencies given 
above are not quite correct. 

Because of the provision 
for 5-kHz channel spacing, 
the offset oscillator crystals 
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are in fact 1666 Hz too high. 
When the third harmonic of 
each crystal is considered, it 
will be 5 kHz high. So in nor¬ 
mal operation, the crystals 
are pulled low by L14 and 
LI 5 for X4, and LI 6 and LI 7 
for X3. So the normal offset 
transmit frequency is 47.8 
MHz (143.4-MHz 3rd har¬ 
monic) and the offset re¬ 
ceive frequency is 44.2333 
MHz (3rd harmonic is 132,7 
MHz). 

When these offset fre¬ 
quencies are subtracted 
from the vco, the range of 
difference frequencies will 
be 600 kHz to 4.6 MHz. And 
note that 600 kHz is an exact 
multiple of 10 kHz. 

When the + 5-kHz facility 
is switched on, LI 5 and LI 7 
are switched out of circuit by 
diodes D24 and D25 so that 
now the crystals do run 1666 
Hz high and so the vco fre¬ 
quency is shifted up by 5 
kHz. 

Band Protection 

Note that when the 10- 


kHz outputs of IC6 and IC4 
(the programmable divider) 
are locked together, IC5 
turns on Q30. This turns on 
Q18 and Q19 and thus al¬ 
lows the transmitter to oper¬ 
ate. Thus the transmitter is 
prevented from producing 
signals which are outside the 
144-to-148-MHz band. 

But what about that + 5- 
kHz offset we have just dis¬ 
cussed? When that is ap¬ 
plied, it would be possible 
for the vco to operate at 
148.005 MHz and still pro¬ 
duce a lock condition. The 
circuit design takes care of 
this possibility, too, since the 
thumbwheels are wired to 
only permit a maximum vco 
frequency of 147.99 MHz. 
When the 5 kHz is added, 
this gives a maximum vco 
frequency of 147.995 MHz, 
which is still inside the band 
limits. 

Strictly speaking then, this 
means that only 399 chan¬ 
nels are available with 10- 
kHz spacing and 798 chan¬ 
nels with 5-kHz spacing 
(144.005 to 147 995 MHz). 

± 600-kHz Offset 

Yet another factor has to 
be taken care of by the fre¬ 
quency-synthesizer circuitry. 
For repeater operation, the 
transmitter frequency usu¬ 
ally has to be offset by minus 
600 kHz from the receive fre¬ 
quency. Less often, it may 
have to be changed by plus 
600 kHz. This condition 
could be met by adding 
more crystals to the offset 
oscillator circuitry, but in 
this circuit it has been 
achieved digitally. 

As well as avoiding the ex¬ 
pense of extra crystals, the 
digital method of offset does 
not require any alignment. 
IC2 and IC3 are digital add¬ 
ers. They add a code of 60 or 
120 to the code applied by 
IC4. In the normal simplex 
mode, the addition of the 60 
code is the standard. For 
-600-kHz repeater opera¬ 
tion, this code is removed 
(controlled by D18 and IC2) 

For + 600-kHz operation, 
IC2 and IC3 are brought into 
play by D29 and D27 to add 


a code of 120 to IC4. 

A neat advantage of this 
scheme is that it allows the 
"anti-repeater" operation 
whereby the receiver only 
can be shifted by ±600 kHz. 
This is achieved by the push¬ 
button in conjunction with 
Q23, Q24, and associated 
diodes. The advantage of the 
anti-repeater function is that 
it allows the operator to lis¬ 
ten directly to his contact in¬ 
stead of via the repeater. 

Note that when the 600- 
kHz offset facility is in use, 
the out-of-band protection 
circuitry does not prevent 
transmission outside the 
band limits. In this case it is 
up to the operator to make 
sure he or she does not trans¬ 
gress. 

Power Supply 

A +10-V regulated supply 
derived from Q1, Q2, and D2 
supplies power to the vco, 
offset oscillator, frequency- 
synthesizer circuitry, and 
mix-down amplifier (Q28 
and Q29). The +10-V regu¬ 
lated rail is also switched to 
various other sections of the 
circuit by Q4 and Q5, de¬ 
pending on whether the 
transceiver is in the receive 
or transmit mode. 

When in the receive 
mode, the press-to-talk 
switch is open and D3, D4, 
and D5 cannot conduct. 
Therefore, Q4 supplies the 
+ 10-V receive rail. When 
the PTT switch is closed for 
transmit mode. D3 and D4 
conduct, turning off Q4 and 
turning on Q5 to supply the 
+ 10-V transmit rail. D5 also 
conducts, turning on Q3 to 
supply the +12-V transmit 
rail. 

The final two stages of the 
rf power amplifier, Q21 and 
Q22, are powered directly 
from the 13.8-V (battery) sup¬ 
ply as is the audio amplifier. 
This is OK since Q21 and 
Q22 are normally biased off 
and can only operate when 
Q19 and Q20 are turned on 
by the +12-V transmit rail. 

In Part II of this article, the 
construction and alignment 
of the DSE Commander will 
be detailed.■ 





Harmonic-Free QRP? 

Avoid an FCC pink slip by measuring second-harmonic power 
with the ZS6UP reactance load. 


Mike van der Westhuizen ZS6UP 
PO Box 13947 
5 inoville 
Pretoria 0129 
South Africa 

L ike many others who like 
to keep their hands busy 
and who like the smell of 
solder, I also pass my time 
by building simple receiv¬ 
ers 1 and QRP transmitters. I 
am always worried that the 
output filter of the QRP 
transmitter is not working 
well and that I put out too 
much second-harmonic 
power. It is no use listening 
to the second harmonic on 
the station receiver—it al¬ 
ways sounds strong and no 
real idea can be formed of 
the strength in relation to 
the primary emission. 

Of course, like most other 
hams, I don't own a spec¬ 
trum analyzer to determine 
the harmonic output, but 



Fig. 1. QRP transmitter 
hooked through directional 
wattmeter or swr meter to 
80m antenna. 



Fig. 2. Special dummy load. 


through the years I devel¬ 
oped first a simple relative 
method and then a some¬ 
what more sophisticated 
method of determining sec¬ 
ond-harmonic power. Of 
course, there are higher har¬ 
monics also, but in this dis¬ 
cussion I shall stick to the 
second harmonic. In this ar¬ 
ticle, I concentrate on 40m 
power from an 80m QRP 
transmitter. 

Simple Relative Method 

I know that on my 80m 
antenna there is a frequency 
spot where the swr is exactly 
1:1. So, when I finish build¬ 
ing a QRP transmitter, I tune 
it to this frequency and hook 
it through a directional watt¬ 
meter (a simple swr meter 
will also do) to the 80m an¬ 
tenna (see Fig. 1). As the swr 
is 1:1 on 80m, there will be 
no reflected power on 80m. 
All the reflected power is 
thus on 40m or higher fre¬ 
quencies. 

All that I then do is to tune 
the output stage and filter of 
the QRP transmitter so that 
this reflected power is at a 
minimum. Then I check the 
forward power again to see 
if it hasn't dropped too 
much. After this I am pretty 



Fig. 3. Construction of spe¬ 
cial dummy load. 


certain that almost all of the 
power going out is on 80m. 


- Xc and calculate the swr 
on 40m. 


More Sophisticated 
Method 

In the first-mentioned 
method, no idea can be 
formed of the ratio of 80m 
to 40m power, but it can be 
calculated if the swr on 40m 
on the 80m antenna is 
known exactly. (Somehow it 
doesn't appeal to me to put 
all these signals on the air 
for testing purposes only, 
even if I announce my call- 
sign every time.) So I started 
thinking of a type of dummy 
load which has an swr equal¬ 
ing one on 80m and a much 
higher (but known) swr on 
40m. Such a dummy load is 
shown in Fig. 2. 

In Fig. 2, the 51-Ohm resis¬ 
tance, R, has more or less the 
same value as the imped¬ 
ance of 52-Ohm coaxial ca¬ 
ble (ZJ. On 80m, X, = X c and 
thus cancel out where X t 
= inductive reactance of in¬ 
ductor L (Ohm) and X c = ca¬ 
pacitance reactance of 
capacitor C (Ohm), 

On 40m, X L =* Xc, which 
causes a certain swr on 40m 
See box for theoretical cal¬ 
culations. 

In practice, we choose R 
= Z« and for 80: X t = X c . If 
these values are put in Equa¬ 
tion 4, the swr = 1, as it 
should. If for 40m X L is not 
equal toXc, the swr is a value 
greater than one. We can 
now either choose a value 
for the swr and calculate X, 
- Xc or choose a value for X t 


I chose the latter route 
and put X t40 - X C40 = 100, 
where the subscript 40 
means 40m and later on the 
subscript 80 will mean 80m. 
Put in Equation 4, we get 
swr*, = 5.83. 

So, if we now know the 
swr on 40m how can we ap¬ 
ply it to find Ef on 40? From 
Equation 3 we can write 
Equation 5: Ef*, = [E r40 (swr 40 
+ 1) 2 ]/(swr*, - I) 2 . We also 
know that as swr K , = 1, there 
is no reflected power on 
80m. So all the reflected 
power is due to 40m (or high¬ 
er) harmonics. Total forward 
power Ef t is equal to Ef^-i- 
Ef*. For the measurement 
and calculation of Ef*>/Ef K „ 
we go about as follows: 

Put the directional watt¬ 
meter in the line between 
the transmitter and the spe¬ 
cial dummy load Read the 
forward power, which is Ef t 
= Ef„o + Ef*,. Read the re¬ 
flected power, which is 
equal to E r40 . From the 
above equation, calculate 
Ef*,. Then Ef = Ef t —Ef*,, 
and the ratio Ef*, to Ef*, can 
be calculated. An example 
later on will make it clearer 

To calculate values of L 
and C in Fig. 2, we can write 
the following equations: 

X,*, - Xc*, = 100 (chosen 
value); X lao - X^, = 0. Thus, 
for 40m: 

2ir x 7 x 10 6 x L x 10-* - 
1/(2ir x7 xIO xC x10' 12 ) = 
100, and for 80m: 
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THEORY 

Here are some equations for the calculation of swr—see 
reference 2. 

(1) Swr = (1 + p)/(1 - p), where p = reflection coefficient; and 

(2) p = •'/1^/VEj, where Ef = forward power (Watt) and E r = 
reflected power (Watt). 

(3) Thus swr = (vE f + vE^vl) - vT r ). 

In terms of impedances, the complete equation for swr is 

(4) Swr = (V(R + Z) 2 + (X L - XJ 2 + V(R - ZJ 5 + (X L -ly 5 ) 

divided by (V(R + ZJ 2 + (X L - - '■ W^ Z 0 ) i + (X, - XJ 2 ). 

(5) Ef„ = iE r „(swr« + 1) 2 ]/(swr« - I) 2 . 


2t x 3.5 x 10 6 x L x 10 6 
- 1/(2x x 3.5 x 10 x C x 
10- ,J ) = 0. 

Here we have two equa¬ 
tions with two unknowns, 
and from simple arithmetic 
we get L = 3.03 microhenrys 
(pH), and C = 682 picofar¬ 
ads (pF). 

(By the way, we don't 
need the actual X values, but 
here they are as a point of in¬ 
terest: X lM = X^ = 66.6 
Ohms, X,« = 133.3 Ohms, 
and Xc« = 33.3 Ohms.) 

Construction 

Construction is very, very 
simple. Using the well known 
formula for coils (in all hand¬ 
books), I wound a coil, L, with 
value 3.03 pH. For the capac¬ 
itor, C, I put 470 pF in parallel 
with a variable, connected it 
to my capacitance meter, 
and turned the variable until 
total capacitance was 682 pF. 
If you don't have a capaci¬ 
tance meter, just put a few 
capacitors in parallel to get 
682 pF. For resistor R use 51 
Ohms. (47 or 56 Ohms will 


also do; 5 Watts; carbon.) Put 
the items together as in Fig. 3. 

To test the contraption, I 
tuned my station transceiver 
to as low an output as possi¬ 
ble. I switched to3.5MHz and 
connected it to the special 
dummy load through the di¬ 
rectional wattmeter/swr me¬ 
ter. The swr was exactly 1.0. 
Then I tuned to 7 MHz, and 
lo and behold, the swr read 
6.0, very near to the theoret¬ 
ical value of 5.83.1 began to 
get the feel ing that this thing 
was going to work! 

Application 

After the test, I removed 
the station transceiver and 
hooked on my latest 80m 
QRP transmitter. The direc¬ 
tional wattmeter read: for¬ 
ward power, 22 Watts. Thus, 

Eft = E f 80 + E f 40 = 22 

Watts. I switched to reflect¬ 
ed power, and the meter 
read 1 Watt. 

Thus, E r40 = 1 Watt; from 
Equation 5: Ef* = [1 x (5.83 
+ 1 ) 2 3/ (5.83 - 1) J = 2.0 
Watts. 


Thus, Ef,* = Ef t - Ef* = 
22 - 2 = 20 Watts; E f80 /Ef* 
= 20/2 = 10 = 10 dB. 

Thus, the 40m signal is 
only 10 dB lower than the 
80m signal. This is not good 
enough, and I now know I'll 
have to work again on the 
output stage and low-pass 
filter of my QRP transmitter. 

Conclusion 

I have described a meth¬ 
od and simple device with 
which one can ascertain the 
second harmonic power of a 
home-built transmitter I am 


sure that with a little think¬ 
ing it can be extended to mea¬ 
sure the higher harmonics, 
also. Is there an ingenious 
readerwhowill attempt this, 
without nearing the com¬ 
plexities of a real spectrum 
analyzer?B 
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ALL MODE MOBILE TELEPHONE INTERFACE 
Automatic Vox Phone Patch System 



OPTIONAL; 

DTMF TELEPHONE 
TYPE SPEAKER/ 
MICROPHONE 


HOTLINE-007 is a fully automatic simplex telephone interconnect. Operates through any base transceiver with FM-AM- 
Squelched SideBand mode. No modifications to the transceiver, just connect to the external speaker, microphone and phone line. 
VOX operation both transmit and receive. Selectable tone or rotary dialing. Repeater pickup operational also. 


* Programmable access code 

* Adjustable VOX both transceiver 
and phone line. 

* Will not transmit when frequency 
is busy, 7 second clear time 


* Programmable CW ID 

* Adjustable microphone 
and line gain 

* Microphone jack for 
base operation 


* 3 or 12 minute timer 

* Dial restrict switch 

* Ringback (reverse patch) 

* Accepts speed dialing 

* Operates on 115/220 VAC, 12 VDC 


NO EXTRAS TO PURCHASE FOR OPERATION, TRANSCEIVER AND PHONE LINE CONNECT TIME 30 MINUTES. 


EXCLUSIVE IMPORT DISTRIBUTOR 

1275 N. Grove Street 
Anaheim, California 92806 



NOTE: Prices and specifications subject to change 
without notice or obligation 
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World War Wireless 

What can you do with a pencil , a razor blade , a paper clip, 
and a hank of wire? Why , bu/7d a rad/o, of course! 


Penn Ctawer W1BC 
459 (.owe// Street 
Andover MA 01810 


H ams with TVI prob¬ 
lems often learn the 
hard way how poor metal 
connections can generate 
harmonics. Two conductors 


making partial contact, in 
gutters for example, can 
rectify and re-radiate as har¬ 
monics part of the signal 
from a nearby transmitter. 
What few newer hams real¬ 
ize is that the same phenom¬ 
enon was crucial to the oper¬ 
ation of one of the cheapest 
receivers ever designed: the 
Foxhole radio. 


The phrase "hurry up and 
wait" probably predates 
World War II, but its mean¬ 
ing was certainly driven 
home then to thousands of 
hams. Often serving long 
tours of duty in forgettable 
places, ham CIs gave top 
priority to receiving news 
and entertainment from the 
nearby Armed Forces Radio 
Station. Of course, in those 
days radios used tubes, so 
the bulk and power require¬ 
ments of typical receivers 
limited their availability. 
This was especially true in 
forward locations where the 
Army had more important 
services to provide—things 
like food and ammunition. 

So some genius, and we 
can only hope he was a ham, 
invented the Foxhole radio. 
Made from commonly avail¬ 
able components, its chief 
distinguishing feature was 
the use of a razor blade for 
the detector diode. A flat 
coil of enameled wire and a 
headset (probably "bor¬ 
rowed" from a field tele¬ 
phone) completed the circuit 
While not an outstanding 
performer, the radio was 
compact, obtainable, and 


best of all —it worked! 
Copies were built and used 
all over the world. 

The original design has 
several interesting features 
in addition to the razor- 
blade detector. Note the ab¬ 
sence of a tuning capacitor 
in Fig. 1(a). The sliding con¬ 
tact on the coil doesn't tune 
stations so much as it ad¬ 
justs the match between the 
antenna and its load. There 
might be some tuning action 
if the antenna looks capaci¬ 
tive, but selectivity is sure to 
be poor. My guess is that it 
didn't matter because there 
was probably only one sta¬ 
tion to listen to anyway. 

Puzzled about the wide, 
flat coil form shown in the 
photographs? Everyone 
knows a good efficient in¬ 
ductor is wound as a cylin¬ 
der no more than two diam¬ 
eters long. The flat coil may 
be an electrical compro¬ 
mise, but it sure is a lot 
easier to pack in a knapsack, 
put in a pocket, or hide in a 
POW camp. 

All in all, the Foxhole re¬ 
ceiver is real ham-radio 
stuff. You scrounge the 
parts, put them together as 


Photos by W1GSL 



Photo A. A close replica of a set W8EFW described in 1945, 
this Foxhole radio can be built for pennies and works amaz¬ 
ingly well. The razor blade is the diode. The earphone was 
borrowed from a telephone. 
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best you can, and the result 
works! 

Building the Foxhole 
radio today is as easy as it 
was in WWII, The set shown 
in Photo A is the real 
thing—a close copy of the 
receiver described by 
W8EFW in the QST "Hints 
and Kinks" column for Sep¬ 
tember, 1945 To improve 
performance, I also built the 
several accessories shown in 
Photo B The biggest gain 
came from using a capacitor 
to resonate the coil. In keep¬ 
ing with the spirit of the proj¬ 
ect, even that component 
was homemade—with plates 
snipped from the side of an 
old tin can. 

A Razor-Sharp Detector 

The razor-blade detector 
is the most interesting part 
of the receiver. To build it, 
you first need a Gillette Su¬ 
per Blue Blade. Forget 
about using anything made 
of platinum or coated with 
Teflon™. To simulate war¬ 
time conditions, I used my 
blade for its intended pur¬ 
pose until it hurt—about 
three weeks. That may not 
be necessary, but I wanted 
to do things right and my 
wife wouldn't let me dig a 
foxhole in the backyard. 
Compromises are some¬ 
times unavoidable. 

I clamped the used blade 
to the baseplate with a short 
woodscrew (W8EFW recom¬ 
mended thumb or carpet 
tacks). The same mounting 
screw clamps the contact 
wire to the blade, so I 
scraped away some of the 
bluing to ensure a good 
contact 

The rectifier contact 
point is made from a 1" 
piece of pencil lead. Start by 
sharpening a pencil, then 
carefully carve away the 
wood at the tip. Break off 
the sharpened length of lead 
and tightly wrap its blunted 
end with 8 or 9 turns of fairly 
stiff wire Leave a 1" or 2" 
pigtail of wire to clamp 
under the "phone jack" ter¬ 
minal screw when you 
mount the rectifier. 


In operation, the point of 
the lead is moved over the 
surface of the razor blade 
until a sensitive spot is 
found. When that happens, 
the radio starts to work and 
the lead is carefully released 
so that its mounting wire 
holds it in the correct posi¬ 
tion. I found rectification 
was best when the point 
contact was resting on one 
of the silver letters etched 
into the blade. Of course, it 
goes without saying that the 
blade is thoroughly cleared 
of soap or oil before rectifi¬ 
cation is attempted. This is a 
crude system and a little 
tricky to adjust, but once set 
up, it works surprisingly 
well. 

Scrap Wood Chassis 

Construction of the rest 
of the radio is shown pretty 
clearly in the photographs. 
The baseplate is a 4" by 4" 
square of 3/8" or 1/4" wood. 
The coil is about 175 turns 
of #26 enameled wire 
wound on another scrap of 
the same wood, this one 2" 
by 4". Any wire size from 22 
to 28 will work as long as the 
wire is enameled to keep 
the turns from shorting The 
antenna, ground, and head¬ 
phone terminals are made 
from paper clips. The sliding 
coil contact is a paper clip 
bent and mounted to main¬ 
tain downward pressure on 
the coil. I soldered the pivot 
end of this arm to a washer 
and fastened that to the 
board with a screw. W8EFW 
simply bent the end of the 
paper clip around a tack. 
Running the arm back and 
forth across the coil several 
times makes enough of a 
mark to show where the in¬ 
sulation must be scraped 
away for the arm to make 
contact. I also soldered all 
the wire connections to im¬ 
prove reliability. The radio 
will work without that step, 
but it does make life a little 
easier. 

It goes without saying 
that this radio, like its broth¬ 
er, the crystal set, needs a 
good antenna and ground. 
The easiest thing to use for a 



Fig 1. Complete schematic of the Foxhole radio. The original 
circuit (a) was built by CIs all over the world during WWII. 
The addition (b) of a tuning capacitor and a dry cell (to bias 
the detector) improves reception. 


ground is the screw holding 
the cover plate to a standard 
ac outlet If it's available 
(and made of copper), the 
house water supply may 
make a better ground. An 
acceptable antenna can be 
made from 50 feet of wire 
routed out a window and 
away from the house. Keep 
the far end as high as possi¬ 
ble and use more wire if you 
can. As far as this radio is 
concerned, there can never 
be too much antenna! 


This set works best if the 
old-style high-impedance 
headphones are used. The 
new, low-impedance hi-fi 
types would work only with 
a matching transformer. If 
the proper phones aren't 
available, you can always 
do what the GIs probably 
did—borrow the earpiece 
from a telephone handset. 
The Ma Bell earpiece shown 
in the photographs has a dc 
resistance of 6 Ohms and an 
ac impedance of about 150 



Photo B. Never content to leave well enough alone, the pro¬ 
gressive amateur will be looking for high-performance modi¬ 
fications. Here are two: The homemade tuning capacitor and 
detector bias pack will boost both selectivity and sensitivity. 
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Ohms. It works almost as 
well as real headphones. 

Operation 

There's certainly nothing 
sophisticated about tuning 
the Foxhole radio. Check the 
wiring, hook up the antenna 
and ground, and connect 
the earphones. Set the slider 
to the middle of the coil and 
start listening. Move the 
point of the pencil lead 
slowly across the lettering 
on the razor blade until you 
hear a station. Try several 
different spots because 


some will work better than 
others. As a final step, move 
the slider across the coil un¬ 
til the signal strength is max¬ 
imized. 

The performance of the 
Foxhole radio will depend 
on your skill in adjusting the 
detector and the efficiency 
of your antenna. W8EFW 
claimed a range of 25 miles 
with a good antenna and 
ground. At my location, two 
nearby stations (about 5 to 7 
miles away) dominate the 
set so I can't hear anything 
further away. Those local 


stations are quite clear, 
though, and come in with 
reasonable volume. 

DX Accessories 

There are several ways to 
improve the performance of 
this little radio, and luckily 
they're both cheap and easy. 
The first thing to add is a ca¬ 
pacitor for resonating the 
coil, as shown in Fig. 1(b) and 
Photo B. With my antenna, 
that gave a noticeable boost 
to headphone volume and 
also let me separate the lo¬ 
cal stations. My friend 
W1GSL found that at his 
QTH the capacitor worked 
best when it was in series 
with the antenna. The ca¬ 
pacitor always improved re¬ 
ception, though, so it's cer¬ 
tainly a worthwhile ad¬ 
dition. 

An old 365-pF broadcast 
variable is perfect for the 
job, but you'd be cheating 
to use one. It's more sport¬ 
ing to make your own ca¬ 
pacitor with plates cut from 
a tin can. 

First cut (very carefully, 
those edges are sharp!) a 
pair of T-shaped plates, as 
shown in Fig. 2. Smooth the 
edges with a file and solder 
on two paper clips as shown. 
These two plates, separated 
slightly by an insulator, will 
be clamped together be¬ 
tween wooden blocks to 
make a fixed 200-pF capaci¬ 
tor. That unit can then ride 
piggyback on the set, as 
shown in Photo B. 

At first I tried using cello¬ 
phane tape for the dielec¬ 
tric. That had a lot of dc 
leakage, so plain writing pa¬ 
per was used in the final ver¬ 
sion. One layer of paper be¬ 
tween the plates makes a 
nice capacitor and gives 
about 100 pF per square 
inch of plate area. Any ca¬ 
pacitance value between 
150 and 350 pF will work, 
and the final value can be 
adjusted if necessary by slid¬ 
ing the plates to change the 
amount of overlap. 

The other circuit improve¬ 
ment is the addition of a 
1.5-volt battery to bias the 


detector further into its non¬ 
linear region. What? A "crys¬ 
tal" set with a battery? The 
idea may seem strange now, 
but in the early days of radio 
that technique was quite 
common and, in fact, neces¬ 
sary with some of the crystal 
materials used. Current 
drain is only one or two mA, 
so battery life shouldn't be a 
problem. 

The battery holder shown 
in Photo B matches the style 
of the rest of the "equip¬ 
ment" and is also easy to 
make. When using the bat¬ 
tery, you may find it easier 
to adjust the detector first 
and then add the battery 
bias for a boost in signal 
strength. The battery simply 
goes in series with the head¬ 
phones. Try flipping the bat¬ 
tery polarity several times, 
as one direction may work 
better than the other 

Conclusions 

The Foxhole radio is 
cheap to build and fun to 
operate, but it certainly isn't 
the world's best "crystal" set 
and you won't spend hours 
listening to it. Amazingly, 
though, it does work, and its 
story is a truly fascinating 
bit of radio history. More 
than just a history lesson, 
however, this project will 
also leave you with two 
long-term benefits. 

First, it gives you a perfect 
way to win "sucker bets" 
with friends who don't be¬ 
lieve you can build a work¬ 
ing radio using household 
materials and no commer¬ 
cial tubes, transistors, or 
diodes. 

Second, you'll have a lot 
more respect for the rectify¬ 
ing properties of imperfect 
connections. That's helpful 
in those cases of harmonic- 
type TVI which occur de¬ 
spite the use of a properly 
adjusted transmitter and a 
good low-pass filter Rectifi¬ 
cation generates harmonics, 
but when searching for the 
diode, it sure is easy for the 
inexperienced ham to over¬ 
look the rusty joints in his 
neighbor's TV mast! ■ 
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Instant ATV! 

W8CHK breaks through the mystique surrounding 
fast-scan television. You won't believe how easy it can be! 


Alan Smith W8CHK 
6275 King Arthur Drive 



Photo A. Camera with transmitter in a Hammond #1590D 
housing. Also shown is the thirteen-inch ground-plane disc 
needed with most cameras for an rf shield. (Photo by P.C. 
Electronics) 
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T he present generation 
has seen home televi¬ 
sion grow from a sprouting 
of folded dipoles on roof¬ 
tops and seven-inch viewing 
screens to a wonderful array 
of hi-tech toys. At the pres¬ 
ent time, hardly a house¬ 
hold, cottage, or mansion in 
any corner of the I and i s con- 
sidered livable without at 
least two TV sets. 

As video literacy in¬ 
creases, so does hardware 
awareness. This raised con¬ 
sciousness soon starts to 
lobby for a video recorder. 
After that, a camera be¬ 
comes almost mandatory. 
Sound familiar? 

Video recorder/camera 
combinations open a world 
of creativity undreamed of 
by any hacker (to borrow a 
term) previously limited to 
using a movie camera with 
its problems of film editing 
and projection. Now even 
one of the major photogra¬ 
phy magazines is talking 
about the "video explo¬ 
sion." This is great stuff and 
apparently there is a sepa¬ 
rate subculture growing rap¬ 
idly out of these new mass- 
market technologies. There 
is a large area of opportunity 
available, however, for indi¬ 
vidual and personal creative 
video work which remains 
largely untouched. This is 
ATV: amateur television. 


Broadly speaking, this as¬ 
pect of television will re¬ 
main untouched because it 
is absolutely illegal to be ac¬ 
tive in it without an appro¬ 
priate license. Most readers, 
however, will know that A5 
emission (video) is perfectly 
legal for any holder of a 
Technician-level or higher 
amateur license with privi¬ 
leges above 420 MHz. But of 
the large number of ama¬ 
teurs qualified for operating 
in these bands, only a rela¬ 
tive few work with ATV. It is 
estimated that fewer than 
3,500 are active in tradition¬ 
al fast-scan amateur tele¬ 
vision. 

Admittedly, this mode 
has been slow in developing 
for a variety of reasons. In 
the less populous areas even 
today, your pix may go out 
to the world in great style. 
But you may have a long 
wait for someone to come 
back to your call. 

Until recently, a lack of 
inexpensive appliance hard¬ 
ware for the job was a major 
obstacle. And, of course, the 
"strangeness" of video elec¬ 
tronics probably continues 
to intimidate a lot of folk 
But given the type of mind 
associated with amateur ra¬ 
dio, intimidation has got to 
be a poor excuse. Consider 
the evidence. Personal com- 




puters, for example, are 
being welcomed into the 
shacks with open arms and 
creative understanding. And 
the few on the cutting edge 
who have mixed ATV and 
computer graphics have 
come to know the true 
meaning of remote screen. 

ATV is in line to benefit 
greatly from an outpouring 
of mass-market video hard¬ 
ware. It has flooded retail 
stores everywhere. Seventy 
centimeters in particular 
could be on the verge of new 
popularity as one result of 
this windfall. 

An easy way to get into 
video on this band or to 
build on an existing base is 
via the P C. Electronics one- 
Watt video transmitter 
which is sold as a wired and 
tested PC board module 
(sales limited to holders of 
Technician- or higher-class 
licenses). You will find this 
video transmitter to be a 
very high-quality unit. It is 
also a perfect natural for 
ham use. At this writing, it 
has no equal in perfor¬ 
mance, ease of packaging, 
and general utility in its 
price range. Its relatively 
low cost derives in part from 
the need for the buyer to 
personalize the case and de¬ 
sign the control placement. 

The P.C. Electronics board 
is fully populated, factory 
aligned, and tested. In fact, 
you can give it a perfor¬ 
mance check on your own 
bench rather quickly. The 
full utility of the KPA5 trans¬ 
mitter package, however, 
doesn't surface until it is 
configured for truly porta- 
ble/mobile operation — 
which leads us to the object 
of this article. 

About the only power 
tool needed to prepare a 
housing is a 1/4-inch or 
larger electric drill. This is 
necessary to drill a variety of 
holes. 

What you pay P C. Elec¬ 
tronics for is a neat little cir¬ 
cuit board about 3-1/16" x 
3-3/4" which is tightly 
packed with all the neces¬ 
sary goodies. This video 
transmitter will accept com¬ 


posite video and audio from 
a camera, videotape record¬ 
er, or computer. And there is 
a separate input line for a 
low-Z mike. The board 
comes supplied with four 
mounting holes for #4-40 x 
1/2 "screws. 

It can be ordered with two 
switchable crystal-con- 
trolled frequencies of your 
choice. You specify what 
you want between 421.25 
and 439.25; 439.25 is the 
commonly-used calling fre¬ 
quency in the eastern states 
and midwest, and 434.00 is 
the frequency of choice for 
the west (second crystal ex¬ 
tra at fifteen dollars). 

Normally, no adjustments 
are needed on the board as 
received from the factory 
However, only a voltmeter is 
required for realignment if 
the need arises. Instructions 
for this procedure are pro¬ 
vided with each video board 
purchase, together with a 
complete circuit diagram 
and setup instructions. [AS 
Magazine for April, 1984, 
carries a full-page spread of 
the schematic.) 

Now, as mobility and por¬ 
tability figure in all of the 
hot applications for this 
mighty mite, the housing 


must be very sturdy. There 
are several options and you 
may have one in mind which 
is just right for you. How¬ 
ever, if your plans include 
joining camera and trans¬ 
mitter into a single-unit 
shoulder mount and you 
want the smallest possible 
package, the Hammond 
#1590C die-cast aluminum 
box is a good choice. At 4.3 " 
x 3.6" x 2.2", it is just large 
enough to house the board 
and connector ports. 

You may want to consider 
a larger one, as illustrated in 
Photo A, however. Shown 
here is a camera with a trans¬ 
mitter installed in the larger, 
Hammond #1590D housing. 
Also shown is the thirteen- 
inch ground-plane disc that 
is needed with most cam¬ 
eras for an rf shield in this 
close-coupled assembly. 

It should be noted here 
that the original KPA5 de¬ 
sign purpose ("visual" pa¬ 
rade-control communica¬ 
tions) required the smallest 
possible package. Some of 
the spin-off applications 
also demand an ultra-com¬ 
pact package. But there are 
general-purpose uses which 
can benefit from a slightly 
larger housing and at the 



Photo B. The ready-to-use 
1-Watt video transmitter 
supported by a tabletop 
photographic tripod. The 
optional bezel is described 
in the text 

same time not rule out the 
original design purpose. 

As we had a broad base of 
application in view, it was 
decided to start with a box 
size that would have enough 



Fig. 1. General parts layout with control options labeled for use with a nonspecialized 
video connector. (Drawn to scale from P C. Electronics material) 
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Photo C. Close-up of audio-adjustment access holes. Photo D. Close-up of power-jack installation. 


room for some external con¬ 
trols and perhaps future ex¬ 
pansion. 

This housing (Hammond 
Cat. HM 590R), shown in 
Photo B, is 2.2" x 4.3" x 
7.5* There are several other 
sizes to choose from such as 
the Hammond #1590D 
(Photo A) or Bud CU247 in 
the die-cast line. The Ham¬ 
mond die-cast boxes are 
available in a gray hammer- 
tone at additional cost. 

If you want to use a cam¬ 
era and transmitter as sepa¬ 
rates. a larger enclosure 
makes sense. The added 
room makes for easy control 
placement and it is possible 
to plan space for a small 12- 
volt battery pack. Although 
this feature was not made a 


part of our transmitter pack¬ 
age, an integral battery will 
be easy to add and will be 
useful for tests and short 
events. 

There are three basic op¬ 
tions for control placement. 
The first is to keep the audio 
and video pots as they are 
on the board without 
change. This option may ap¬ 
ply best when the small 
housing is used The second 
option is to bring these pots 
outside for external control. 
(The board is drilled for 
these wires) A third choice is 
to go with a combination, as 
shown in Fig. 2. The thought 
here is that only the most 
often used controls need to 
be brought out to the panel 

For example The loca¬ 



Fig. 2. A middle-of-the-road approach to packaging the 
transmitter board. Video-level control is brought out to the 
panel as are connector jacks and switches. Audio levels are 
screwdriver-adjusted through access holes A and B. 
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tions of the audio line and 
microphone pots on the 
board are suitable for ad¬ 
justment with a screwdriver 
(Photo C), but since it is im¬ 
portant to have quick access 
to the video-level control, 
this one should be brought 
to the outside. To do this, 
the video-level pot located 
on the board is removed and 
the panel-mounted pot (R1) 
is wired in.. .leads no longer 
than three inches, and twist 
them together, please! 

The power input jack (12- 
14 V dc) is shown in Photo D 

A further selection must 
be made on the type of 
video input receptacle to be 
used. Basically, the choices 
are between a simple RCA or 
BNC connector as found on 
some VTRs and black-and- 
white cameras or a multi-pin 
mating socket for your spe¬ 
cific camera. With this latter 
option, power, audio, and 
video connections are made 
through the single connec¬ 


tor, An important concern is 
raised if this is the choice Be 
certain that a matching 
socket is available for the 
connector on any camera 
you intend to buy. Although 
there is some standardiza¬ 
tion, it is not entirely reli¬ 
able. 

Fig. 1 shows a parts layout 
based on a nonspecialized 
video connector. Control 
options are labeled. 

A standard 1/4-20 tripod 
socket (Photo E) mounted 
on the bottom of the case 
can provide a sturdy attach¬ 
ment point for a large vari¬ 
ety of commonly available 
photographic hardware, 
such as tripods and clamps. 
It can also be used as part of 
a camera/transmitter brack¬ 
et, if this option is planned. 

So-called ' parts cam¬ 
eras" are the best source for 
tripod sockets. Most camera 
repair shops can be helpful 
in this area if the old junk 
box is unproductive 
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Fig. 3. Bezel dimensional drawing. This is an optional item 
which can be added at any time. Its basic purpose is to act 
as a switch guard, but it also improves the appearance. 





Photo E. Close-up of tripod- 
socket installation. See text 
for details. 

The 500-Ohm video-level 
pot (R1) must be shunted 
with a 100-Ohm resistor. A 
100-Ohm pot is preferred for 
this spot but is hard to find 
(Fig. 1). 

An antenna can be put to¬ 
gether quite simply. First, a 
6-1/2' length of #22 rod is 
soldered to a BNC connec¬ 
tor. Next, this is stabilized 


Photo F. Panel layout. The bezel (see text) shields the 
switches from accidental tripping. 


with an epoxy filler. Presto, a 
serviceable antenna! This 
simple whip can be ex¬ 
pected to give good usable 
pictures at distances of up 
to a mile A commercial an¬ 
tenna such as a Yaesu, part 
number YHA-44, or similar 
will also work well. 

Where maximum mobil¬ 
ity is not required or for use 
as part of a base station, an 
amplifier such as the Mirage 
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D-24 will boost 1 Watt of 
video up to as high as 40 
Watts. This amount of pow¬ 
er generates a respectable 
signal, especially if working 
into a high-efficiency an¬ 
tenna such as a KLM 440-27. 

It goes without saying 
that do-it-yourself projects 
tend to reflect the wants and 
wishes of the doer This proj¬ 
ect is open to considerable 
variation. The bezel, for in¬ 
stance (Photos B and F and 
Fig. 3), makes an effective 
switch shield. But it can be 
eliminated or altered in a 
number of ways. The bezel, 
detailed in Fig. 3, can be cut 


from a piece of 1/2 "-thick 
plastic. It also can be made 
from four pieces (or more) 
cemented together or even 
cut out of a piece of 1/2" 
balsa. The bezel visible in 
Photo B is attached with in¬ 
dustrial epoxy A couple of 
screws would do as well. 

As cameras follow the ap¬ 
parent destiny of all solid- 
state devices and continue 
to shrink in size, mobile 
video will be in a position to 
become as commonplace as 
FM hand-helds are today. 
You can have it now with a 
package not much larger 
than some of the HTs of just 
ten years ago. Applications 
in use at the present time in¬ 
clude robot coordination, 
model-plane flying, model- 
boat sailing, and public ser¬ 
vice with parades, mara¬ 
thons, and other people- 
oriented events. 

Some pioneer work has 
been done with weather 
watch, and walk-about 
video capability makes lots 
of expansion possible. In ad¬ 
dition to these public-ser¬ 
vice opportunities, there is 
always plain old hamming 
to fall back on. That is sort 
of fun, too... but I suppose 
you know that.■ 


Parts List 

R1 500-Ohm carbon or cermet pot (see text); Circuit Spe¬ 
cialists, cat. #31VA205 

51 SPST submini toggle (Radio Shack #275-324) 

52 SPST submini toggle (RS #275-324) 

J1 Std. 1/4" phone jack, 3-conductor (RS #274-312) 

J2 Std. 1/8' mini phone jack (RS #274-251) 

J3 Coaxial power jack (RS #274-1565) 

J4 Type UG1094 female BNC connector (RS #278-105) 

J5 Type UG1094 female BNC connector (RS #278-105) 
PL Coaxial power plug (J3 matching) (RS #274-1567) 
Knob—For 1/4" shaft (RS #274-407) 

Bezel—(see text) 

KPA5 Video Xmitter board with one crystal: $159.00 
P.C. Electronics 
2522 Paxson Ln. 

Arcadia CA 91006 
Housing—(see text) 

Bud Econoboxes Hammond Die-Cast Boxes 

Shand Electronics RadloKit 

2401 Dort Highway Box 411 

Flint Ml 48503 Greenville NH 03048 

Circuit Specialists 
PO Box 3047 
Scottsdale AZ 85257 
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Modification Mania! 

Here are not five , not ten , but fifteen ways 
to perk up your HW-101. 


Wayne Arnett AI7C 
3315 N, Apollo Drive 
Chandler AZ 85224 

W hen the Heathkit® 
HW series was first in¬ 
troduced, Hammarlund was 
still making receivers and 
most of the activity on two 
meters was AM simplex. It's 
tempting to think of the HW- 
101 and other tube-type gear 
as relics of another era. But 
Heath products tend to age 
gracefully, and the HW-101 
is no exception. 

Even though it's a little 
behind the times, this trans¬ 
ceiver has a reputation for 
good performance at the 
right price This article de¬ 
scribes several modifica¬ 
tions that make operating 


even more effective and en¬ 
joyable. Most of them are 
easy and inexpensive. These 
ideas can also be used in the 
other HW/SB series trans¬ 
ceivers. 

The Digital Debate 

You can lead a normal life 
without digital frequency 
display, but only if you have 
a good analog dial. On the 
HW-101, it's miles between 
calibration points. This makes 
it very difficult to locate ac¬ 
curately subband borders 
that don't fall at 100-kHz in¬ 
tervals. 

Newer radios use 25-kHz 
calibrators, and it's easy to 
build one into the HW-101. I 
copied the crystal calibrator 
in Heath's HR-1680 receiver 



and added a divide-by-four 
flip-flop 1C to the output- 
see Fig. 1(a) 

To install the new circuit, 
first disable the old V17B 
calibrator by removing R217, 
R218, C218, C219, and CR201 
from the bandpass board 
Leave the 100-kHz crystal in 
place, but isolate the foil 
patterns around its pins. 

Recycle the 8-50-pF trim¬ 
mer into the new calibrator 
and build the circuit on a 
small square of perfboard 
Suspend the board on stiff 
wires soldered to the ground 
foil underneath VI7. Then 
connect the crystal with 
short leads. 

Unsolder the white wire 
at pin 3 of VI7 and use it to 
bring 12 volts dc from the 
function switch to the new 
calibrator. Move the small 


coax cable from CR201 to 
the 25-kHz output. Finally, 
rearrange the function switch 
as shown in Fig. 1(b). The dc 
power supply needed for 
this and some other addi¬ 
tions will be described later 
The changes to lugs 5 and 6 
of the function switch also 
are covered elsewhere. 

A Sixth Band 

Access to WWV will help 
you take full advantage of 
the new calibrator At 15 
MHz, WWV is close enough 
to the 20-meter ham band 
that only a new crystal in the 
heterodyne frequency oscil¬ 
lator (hfo) is needed to pro¬ 
vide the additional cover¬ 
age. Since 20 meters can't 
be sacrificed, a switching ar¬ 
rangement is used. 

Instead of running long 



Fig. 1(a). 25-kHz crystal calibrator. Fig. 1(b). Modified function switch. 
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wires from the hfo crystals 
to a distant switch, I decided 
to use a small relay, as shown 
in Fig. 2. The new 23.895- 
MHz crystal and relay were 
mounted on perfboard and 
attached to the center shield 
near the crystal board (see 
Photo D). The crystal is 
Heath part no. 404-279. A 
toggle switch on the rear 
panel controls the relay, 
which selects 20 meters or 
WWV when the bandswitch 
is at 14 MHz. The relay also 
grounds the WWV crystal 
when it's not in use. 

To get the WWV assem¬ 
bly into the hfo circuit, 
make a cut in the crystal 
board foil between the 
switch wafer and 20-meter 
crystal (Y503). Then drill a 
small hole on each side of 
the cut, bring short leads for¬ 
ward to the relay, and con¬ 
nect as shown. 

You shouldn't have to re¬ 
align anything which might 
compromise 20-meter per¬ 
formance, although the hfo 
coil (L603) may need touch¬ 
ing up if the new crystal 
won't oscillate. Avoid using 
a 23.395-MHz crystal for 
14.5-15.0-MHz coverage be¬ 
cause WWV then appears at 
500 on the main dial. This re¬ 
sults in a two-tone competi¬ 
tion between WWV and the 
third vfo harmonic. 

Since the transmitter is 
not disabled when tuning 15 
MHz, a front-panel “remind¬ 
er" LED should be included. 
Calling CQ on 15.175 is dis¬ 
couraged, and Radio Mos¬ 
cow doesn't count toward 
DXCC, anyway. 

Receiver Incremental 
Tuning (RIT) 

Even early CB rigs had 
clarifier controls, but for 
reasons known only to Heath, 
RIT has until recently been 
absent from their transceiv¬ 
ers. Fortunately, an RIT cir¬ 
cuit is easy to install, and 
several schemes have been 
published in the past. 

Two circuits I've used 
successfully in my HW-101 
were found in the Holiday, 
1976, issue of 73 ("Add RIT 
to Your Transceiver," 73 


Staff) and QST for October, 
1974 ("Hints and Kinks." 
K4EQA). 

However, I've noticed 
that most add-on RITs share 
a common deficiency. They 
have no on/off switch and 
depend on the operator's 
best guess to position a knob 
in just the right place. Ironi¬ 
cally, this often results in 
off-frequency calls or "leap¬ 
frogging," which are the 
very problems we're trying 
to eliminate in the first place. 

An on/off switch can be 
designed into an RIT by us¬ 
ing a multi-turn trimpot and 
frequency counter to bal¬ 
ance out the circuit's effects 
on the vfo when it's turned 
off. I found it simpler, though, 
to use a Protronics RIT kit. 
This includes a center-stop 
detent in the tuning control 
and a voltage-regulated 
zero point. This "click-stop" 
is just as good as an on/off 
switch and virtually elimi¬ 
nates off-frequency calling. 

I have built three of the 
kits into different transceiv¬ 
ers without any problems. 
They come with instructions 
and cost about $15.00. Get 
the details from Protronics, 
Inc., Box 778, Buckley WA 
98321. 

While you have the vfo 
assembly removed for an 
RIT modification, put a dab 
of caulk between C946 (the 
large 4700-pF disc) and the 
aluminum enclosure. This 
will hold it still and help pre¬ 
vent the vibration-caused 
microphonics common to 
some HW-101 s. 

Better CW Performance 

When the HW-101 is 
properly tuned to an incom¬ 
ing CW signal, the beat note 
you hear is a rather high- 
pitched 1000 Hz. This depar¬ 
ture from the current norm 
of something close to 750 
Hz is tiresome to the ear. It's 
also not ideal for some au¬ 
dio filters and computer in¬ 
terface units. Slow-recovery 
age is another strike against 
the serious CW operator. 

I modified the mode 
switch to pad the USB/CW 
bfo crystal down by 250 Hz 



Photo A. The finished product with new controls, LED status 
indicators, and spinner knob. 


and to select fast age when 
operating CW (refer to Fig. 
3). By extending the mode- 
switch shaft to accommo¬ 
date another wafer, two new 
switch sections are made 
available. Even after moving 
Cl 5 and C26 to the foil side 
of the modulator circuit 
board, space is at a premi¬ 
um for the extended mode 
switch. Choose your new 
switch hardware carefully. 

One section of the new 
wafer places padding ca¬ 
pacitance across the bfo 
crystal which is adjusted for 
a more pleasing tone. The 
other section connects a 


trimpot in series with R117, 
the age timing resistor. In 
my case, about 500k gives a 
"snappy" age without pop¬ 
ping on strong signals. 

Since the 400-Hz CW fil¬ 
ter is in the i-f stage, it is not 
affected by the lower bfo 
frequency. In other words, it 
will work just like it used to, 
except the signal that's cen¬ 
tered in the filter's passband 
will appear at the speaker as 
a 750-Hz note. The transmit¬ 
ter offset will still be correct. 

You're right if you think 
this isn't a ten-minute job. 
The same improvements 
can be made with a double- 




Fig. 2. Modification of hfo circuit for 15-MHz WWV recep¬ 
tion. 
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Photo B. Close-up of modified three-wafer mode switch. S- 
meter relay and front-panel VOX controls are visible at the 
far left. 


pole toggle switch mounted 
near the bandswitch (again, 
see Fig. 3). This comes closer 
to being quick and easy, but 
it's less convenient since the 
toggle switch has to be re¬ 
membered when changing 
between USB and CW. For 
me, the benefits were worth 
the trouble of rebuilding the 
mode switch. 

Another problem for CW 
buffs with the stock HW-101 
is not being able to check 
keyer speed without sending 
a signal. It is also impossible 
to manually control CW 
transmission, such as with a 
send/receive switch. As orig¬ 



inally wired, the rig changes 
to transmit mode any time 
the key is tapped. 

A minor change to the 
function switch allows man¬ 
ual T/R control while leaving 
sidetone operation intact 
Note the new connections 
to lugs 5 and 6 in Fig. 1(b). 
With the switch in PTT posi¬ 
tion, the tone-generator out¬ 
put is grounded on its way to 
the VOX amplifier, which 
prevents the transmitter 
from being keyed Now the 
sidetone is audible in re¬ 
ceive mode, and the keyer 
can be adjusted without 
transmitting. 



For semi-break-in opera¬ 
tion. set the function switch 
to VOX. To manually acti¬ 
vate the transmitter, con¬ 
nect a normal ly-open foot 
switch (or any other external 
T/R control) from point 16 
on the bandpass board to 
ground. Set the function 
switch to PTT, and the VOX 
circuit is disabled. 

Civilized Audio 

Of all the HW-101 s short¬ 
comings, probably the one 
that most affects non-ham 
family members is the side- 
tone It's earsplitting volume 
can't be tamed, and only the 
most considerate ham will 
consent to wear headphones. 

I maintained domestic 
tranquility by duplicating 
the SB-102's sidetone vol¬ 
ume control in my rig (see A 
in Fig. 4); put the 500k con¬ 
trol on the rear panel and 
you easily can adjust the 
sidetone between silent and 
obnoxious. 

The front-panel head¬ 
phone jack is intended for 
high-impedance phones, 
which is quaint but not very 
practical. Adding a phone 
jack to the speaker cabinet 
is easy enough, but it's also a 
simple procedure to modify 
the front-panel jack for 
eight-Ohm phones (see B in 
Fig. 4). 



Move the 100-Ohm resis¬ 
tor from the speaker phono 
socket to the audio trans¬ 
former's green lead. Use 
shielded cable to carry 
eight-Ohm audio to the 
headphone jack, and back to 
the speaker socket. 

With every microphone 
I've tried, full SSB output 
was possible only by run¬ 
ning the mike gain open and 
shouting. In a previous arti¬ 
cle (73, October, 1981), K5SE 
described a mike preamp us¬ 
ing tube V5B in the HW-101 
This works very well, but I 
wanted to reserve V5B as a 
buffer for remote vfos. The 
circuit shown in C in Fig. 4 
was adapted from one 
found in The ARRL Hand¬ 
book, and seems to work just 
as well. 

The preamp can be built 
on perfboard, but for this 
and other small circuits such 
as the 25-kHz calibrator, I 
prefer Radio Shack's experi¬ 
menter boards (part no. 
276-154). These boards will 
accommodate ICs and the 
DIP-type relays, and can 
easily be cut to size. 

Drill mounting holes in 
the side rail near the micro¬ 
phone jack and suspend the 
board on spacers or wash¬ 
ers. Use small hardware, #2 
or #4, to prevent binding be¬ 
tween the mounting screws 




Fig. 3. Two methods of changing CW' bfo frequency and ob¬ 
taining fast/slow age. 
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Fig. 4. The SB-102 sidetone level control is at A. At B, the 
audio transformer output is rewired for 8-Ohm output to 
speaker and phones. C shows a simple microphone pream¬ 
plifier. 










and the lower cabinet shell 
Adjust the 50k trimpot for 
full modulation while speak¬ 
ing normally, with the 
HW-101's mike gain at 
about the ten o'clock posi¬ 
tion. I found that shielding 
was not required, but a by¬ 
pass capacitor on the 12- 
volt line is recommended. 

Crystal-Filter Selection 

Many HW-101 owners 
have had problems with the 
crystal-filter switches and 
the linkage that operates 
them. The lever behind the 
rf-gain knob is prone to 
breaking, and the slide 
switches get dirty and show 
contact resistance after a 
period of time. 

For a partial fix, you can 
loosen the rf-gain-control 
nut and then re-tighten it 
while pushing upward on 
the control. This helps re¬ 
duce friction between the 
linkage lever and the lower 
chassis lip. The slide switch¬ 
es can be cleaned by remov¬ 
ing the backs and shining 
the contacts. But you have 
to be careful doing this be 
cause the switches like to 
send springs and pieces fly¬ 
ing in all directions when 
they're disassembled. 



Photo C. Note " missing " calibrator components and rear- 
panel sidetone control. The relay on the rf cage is lor outboard 
vfo control. 


altogether. A miniature re 
lay and a DPDT toggle 
switch were substituted for 
the two slide switches, as 
shown in Fig. 5. One pole of 
the new toggle handles the 
output side of the filters, 
while the other pole con¬ 
trols the relay, which in turn 
handles the filter inputs. 

Like some of the other 
modifications, this one re¬ 
quires a new hole in the 
front panel. What worth¬ 


ing for resale. Besides, the 
trade-in allowance on a kit- 
built, non-WARC transceiver 
is debatable to begin with, 
so I've had few concerns 
about reaching for my drill 
First, remove the combi¬ 
nation rf-gain control and 
switch lever. Disconnect all 
wires from the slide switches 
and crystal filters, and take 
off the back of the DPDT 


slide switch Take a deep 
breath if you must, and drill 
a hole centered between the 
letters T and E of the word 
FILTER, of sufficient diame¬ 
ter to pass the new toggle 
switch. 

Install the miniature relay 
into the now-empty frame of 
the slide switch nearest the 
center shield, using double¬ 
sided tape to secure it. Make 
the connections to the new 
toggle switch before install¬ 
ing it on the front panel be¬ 
cause it's impossible to 
reach once it’s in place. Re¬ 
connect the crystal filters as 
shown, and position the new 
switch to coincide with the 
arrow and SSB/CW markings 
on the front panel. 

Finally, install a new 100k 
linear-taper potentiometer 
for the rf-gain control. If the 
new hole was correctly cen¬ 
tered, the toggle-switch nut 
and washer should cover the 
word FILTER, leaving a new 
control that looks (almost) 
factory standard. 

By maintaining the origi¬ 
nal distance between input 
and output poles of the fil¬ 
ters, I haven't been able to 
detect any degradation in 




Fig. 5. The unreliable and noisy slide switches are replaced meter switch. Observe meter polarity when connecting relay 
with a toggle switch and relay for crystal-filter selection. to switch. 
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Photo D. Bottom view, showing placement of dc power sup¬ 
ply, calibrator, crystal-filter relay, WWV board, and micro¬ 
phone preamp. 


performance or additional 
leakage around the filters. 
But you will detect both if 
you use a three-section 
switch in place of the relay, 
or otherwise decrease the in¬ 
put/output isolation. 

This switching method 
can be used for adding a CW 
filter to other transceivers 
that have no provision for 
one, such as the HW-100 
and SB-100 

Full-Time S-Meter 

As originally designed, 
the S-meter in the HW-101 
works only with the function 
switch in the ALC position. 


Without a lot of wear and 
tear on the meter switch, it's 
not possible to monitor plate 
current while transmitting 
and signal strength while lis¬ 
tening. If you want to keep 
your S-meter on the job all 
the time, take a look at Fig. 6 
and make these changes. 

Mount a relay and two 
470-Ohm resistors on a 
small piece of perfboard, 
and wire as shown. The as¬ 
sembly can be attached at 
any convenient location 
near the meter. Don't forget 
to clip the original resistors 
from the meter switch. 

In receive mode, the me¬ 
ter bypasses the switch and 


is always connected to tube 
V3, the source of S-meter 
voltage. When transmitting, 
the relay is closed and con¬ 
nects the meter to the 
switch, where any of the 
three meter functions are se¬ 
lected normally. 

VOX Controls 

Hiding the VOX controls 
on the side of the rig makes 
for a clean, uncluttered 
front panel But it's hardly a 
convenient location for con¬ 
trols that are adjusted every 
time you change from CW 
to phone I thought it was 
only sensible to relocate the 
delay and gain controls to 
the front panel; the set-and- 
forget anti-trip isn't worth 
moving. 

The existing controls do 
not have shafts and can't be 
used with knobs. There's 
room for new controls to the 
left of the meter, but be 
careful not to crowd the tun¬ 
ing dial. A 10-megohm lin¬ 
ear-taper pot is a good sub¬ 
stitute for the hard-to-find 
7 5-megohm delay control. 

Route the lead from the 
delay control through the 
notch in the i-f board and 
back to its original location 
underneath VI2. The shield¬ 
ed cable from the gain con¬ 
trol can be strung across the 
vfo and soldered directly to 
the mike gain control, where 
coax cable #3 is now con¬ 
nected. 

Power Supply 

For some of the modifica¬ 
tions in this article, 12 volts 
dc is needed. This is not 
available in the HW-101, but 
it's easy to build in a small 
power supply Filament volt¬ 
age is borrowed from point 
12 on the foil side of the 
bandpass board, where the 
large brown and white wires 
are connected. The circuit is 
shown in Fig. 7. The rectifier 
and filter components can 
be mounted on a small ter¬ 
minal strip 

Attach the 7812 regulator 
and the terminal strip to the 
center shield near the anten¬ 
na relay. Twelve volts dc is 
available continuously on 


demand to most circuits, 
but on transmit only (via 
spare contacts on the anten¬ 
na relay) for the S-meter re¬ 
lay and any future additions. 

And Finally... 

With nothing but phono 
sockets on the rear panel, 
it's all too easy to load up 
the station speaker on 40 
meters. Of course you can 
do this only once per speak¬ 
er, so it might be better to 
replace the antenna socket 
with an SO-239 coax con¬ 
nector. A reamer or 5/8-inch 
punch will enlarge the ex¬ 
isting hole. 

A vfo spinner knob with a 
finger hole is the poor ham's 
economy scanner. You still 
have to turn the knob, but it 
goes much faster. The one 
used on the SB-104 (Heath 
part no. 462-906) works well 
and matches the HW-101 

Some early versions of 
the HW/SB series used 1N34 
diodes in the balanced mod¬ 
ulator. Later, they were 
changed to FH-1100 hot-car¬ 
rier diodes for better audio 
quality. Check your owner's 
manual to see which type 
you have. If you want to 
make a change, the four di¬ 
odes are located on the mod¬ 
ulator board, right behind 
the mode switch. FH-IIOOs 
are Heath part no. 56-87. 

This article is only a frac¬ 
tion of all that's been writ¬ 
ten about the HW-101 and 
the almost-identical HW-100 
and SB-100 series. The basic 
design of these popular rigs 
is not yet outdated, and the 
specifications compare fa¬ 
vorably with many "hybrid” 
transceivers at double the 
price. These radios offer 
good performance to start 
with, and can be further im¬ 
proved by any owner with 
even limited workbench ex¬ 
perience. 

So don't be afraid to raise 
the hood and poke around. 
There's not a single compo¬ 
nent inside your HW-101 
that can be damaged by the 
static electricity on your fin¬ 
gertips. If you have any ques¬ 
tions or problems, let me 
know, and I'll try to help.l 



Fig. 7. Regulated power supply for modifications. Don't over¬ 
look the l-gf capacitor at the 7812 output. 
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Robert K Morrow, lr, VVS6CTM 
3650 Rooty Knoll Drive 
Colorado Springs CO 80918 


Hunt the Auto-Fox 

Has your transmitter-hunting gone sour ? 

DFers will love chasing this wily box, and 
its variable skill levels give them a run for their money. 


M any radio clubs across pate regularly in hidden- Pfeak Radio Amateur Associ- hunt once a month, with 
the country partici- transmitter hunts. The Pikes ation, for example, has a fox each month's winner play- 
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Fig. 7, Schematic. 













ing the role of the fox the fol¬ 
lowing month. When he/she 
is in place, the rest of the 
participants begin the hunt 
from a predetermined meet¬ 
ing area. The new winner is 
the person who finds the fox 
after traveling the shortest 
distance. 

This game is lots of fun, of 
course—at least for the par¬ 
ticipants. However, the fox 
usually becomes quite bored 
with the whole process 
while sitting in a car some¬ 
where and transmitting for 
one minute out of every five. 

This problem can be alle¬ 
viated somewhat by the use 
of the Auto-Fox, a device 
which attaches to just about 
any transceiver and sends a 
preprogrammed callsign in 
code at intervals deter¬ 
mined by the operator. Now 
the real fox can read a book 
at least, or listen to the ra¬ 
dio, or even rag-chew on a 
different frequency without 
being interrupted every few 
minutes for a fox-hunt trans¬ 
mission. 

Built with CMOS devices, 
the Auto-Fox draws about 
one milliamp of current and 
should run for many hours 
using a 9-volt transistor-ra¬ 
dio battery as a power 
source. Any callsign can be 
programmed with the DIP 
switches on the front panel 
of the device, and the oper¬ 
ator has full control over the 
length of transmission (10 
seconds to 1 minute), the 
time between transmissions 
(1 to 12 minutes), and the 
audio level into the trans¬ 
mitter. 

Circuit Description 

The Auto-Fox is based 
upon a clever repeater IDer 
designed by K20AW.* The 
circuit is designed entirely 
with CMOS and low-power 
555 timers (Fig. 1) for oper¬ 
ating currents of just over 1 
mA when transmitting and 
just under 1 mA between 


*"A TTL Logic CW ID Genera¬ 
tor," Peter A. Stark K20AW, 73 
Magazine, February and March, 
1973. 



The Auto-Fox was built using point-to-point wiring on parts 
of a protoboard and put into a Radio Shack 270-233 experi¬ 
menter's box. The top panel contains the callsign program¬ 
ming DIP switches, transmit speed, delay, and audio level/ 
on-off pots, as well as the push-button switch which acti¬ 
vates the monitor LED. The right side of the enclosure (not 
shown) has a subminiature mike jack, a miniature PTT jack, 
and an external power connector. 


transmissions. Logic design¬ 
ers call this a "counter- 
based controller" since op¬ 
eration is controlled by bi¬ 
nary counter IC7 and its 
clock, IC1. The DIP switches 
on the front panel of the 
Auto-Fox allow the system to 
produce a dash when both 
switches are open for a par¬ 
ticular count, a blank by 
turning off the audio gen- 
ertor, IC4, or a dot by in¬ 
creasing the count speed by 
bypassing IC2a. IC8 and IC9 
allow for 32 counts, each of 
which can be programmed 
independently as a dot, 
dash, or blank. The Auto-Fox 
can produce the longest US 
callsign, which consists of 29 
counts including the 5 
blanks between characters. 
The 10k pot on IC1 allows a 
callsign to be transmitted in 
a minimum of about 10 sec¬ 
onds or up to a maximum of 
about 1 minute. 

The interval between suc¬ 
cessive callsign transmis¬ 
sions is determined by IC5 
and IC6. The decade count¬ 
er at IC6 is used in a divide- 
by-ten configuration to al¬ 
low smaller timing compo¬ 
nents on IC5; the decade 
counter also has a power-on 
start feature on pin 15, so 
the fox will begin a transmis¬ 
sion cycle when first turned 


on. This feature also allows 
the user to transmit an ID at 
any time simply by turning 
the Auto-Fox off for a mo¬ 
ment, then on again The 
500k pot on IC5 sets the time 
between transmissions from 
a minimum of about 1 min¬ 
ute to a maximum of about 
12 minutes. 


When the push-button 
switch on pin 8 of IC3c is 
pressed, the LED will turn on 
whenever IC4 is producing 
an audio tone during the 
transmission cycle Of 
course, a momentary switch 
is used here to prevent inad¬ 
vertent draining of the bat¬ 
tery by extended LED 
operation 

The mike output of the 
Auto-Fox will provide a vari¬ 
able-level audio tone to the 
microphone input of the 
companion transceiver and 
is configured to provide the 
correct push-to-talk (PTT) 
logic to the ICOM 1C series 
of handie-talkies as well. A 
separate PTT output also is 
provided by the Auto-Fox for 
other transceivers requiring 
this additional control sig¬ 
nal. 

Construction 
and Operation 

Parts layout of the Auto- 
Fox is not critical, and just 
about any convenient ar¬ 
rangement can be used I 
tried to miniaturize my de¬ 
sign as much as possible and 
managed to put everything 
into a Radio Shack experi- 


Parts List 


Quantity 

Type 

Description 

3 

1C 

XR-L555 (276-1718) 

1 

1C 

74C00 (276-2411)* 

1 

1C 

74C73 

2 

1C 

74C154 

1 

1C 

CD4017 (276-2417) 

1 

1C 

CD4024 

4 

Transistor 

2N2222 (276-2009) 

64 

Diode 

1N914 (276-1122) 

6 

Capacitor 

.01 ,.F (272-131) 

1 

Capacitor 

47 (272-1027) 

1 

Capacitor 

100 >iF (272-1028) 

2 

Resistor 

Ik 0(271-1321) 

2 

Resistor 

27k 0 (271-1340) 

1 

Resistor 

47k 0 (271-1342) 

5 

Resistor 

100k 0(271-1347) 

2 

Resistor 

470k 0 (271-1354) 

1 

Pot 

10k audio w/SPST SW (271-: 

1 

Pot 

10k linear (271-1715) 

1 

Pot 

500k linear (271-210) 

8 

Switch 

8-pos. SPST DIP (275-1301) 

1 

Switch 

SPST push-button NO (275- 

1 

LED 

General purpose (276-026) 


Radio Shack part numbers are In parentheses; other parts 
available from Jameco Electronics, 1355 Shoreway Road, 
Belmont CA 94002. 

'Functionally equivalent to 74C00, but pin assignment dif¬ 
fers. 
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TRANSVERTERS 


WORK THE U.H.F. BANDS 


POWER AMPLIFIERS 


MMT 50-28 $199.95 
MMT 144-28 $179.95 
MMT 432-28 (S) $269.95 
MMT 439-ATV $339.95 
MMT 1296-144 $299.05 
OTHER MODELS AVAILABLE 


-• ttX Pr.- 


| ANTENNAS 

1296-LV $4!) 

10XY-2M $69 

70 cm/MBM 28 $39 
70 cm/MBM 48 $50 
70 cm/MBM 88 $80 


70/MBM 48 

Send 44c stamps for full details 
of our VHF/UHF items. 




Sptclrum International, Inc. ^55^ 

Post Office Boa I084S - 

Concord. Mass. 01742 USA 


# 


menter's box (270-233). How¬ 
ever, unless you are an 
experienced builder, I rec¬ 
ommend that you gain some 
working room at the ex¬ 
pense of using a slightly 
larger enclosure. 

If the Auto-Fox is to be 
used with only a single call- 
sign, you may want to save 
the cost of the DIP switches 
and extra diodes by hard¬ 
wiring the callsign to the 
74C154 chips, using only the 
required diodes. 

Unlike most sequential 
digital circuits, the Auto-Fox 
operates slowly enough so 
that you can see most of the 
logic transitions on a volt¬ 
meter, which makes trouble¬ 
shooting substantially easi¬ 
er. You can also temporarily 
short across the push-button 
switch to activate the LED 
continually for a simple op¬ 
erational check. 

Once the Auto-Fox is op¬ 
erating correctly, construct 
the proper patch cords be¬ 
tween the unit and the mike 
and PTT (if applicable) con¬ 


nections of the companion 
transceiver Use a receiver 
to verify correct operation 
of the complete system, and 
adjust the transmit time, de¬ 
lay between transmissions, 
and audio level as required. 
The Auto-Fox is now ready 
for the hunt! 

Conclusion 

Since any callsign may be 
programmed into the Auto- 
Fox, it may be tailored to the 
person who happens to be 
the fox on a particular hunt. 
As the hunters become more 
proficient, the transmit time 
may be decreased by in¬ 
creasing the speed of the ID, 
thus requiring a faster direc¬ 
tion fix. Also, the time be¬ 
tween transmissions may be 
increased to provide fewer 
opportunities for a fix. 

The Auto-Fox should take 
some of the boredom out of 
being the fox and will pro¬ 
vide a precise signal which 
can be programmed for just 
about any direction-finding 
situation.! 

































Surviving the Unthinkable: Part III 

WA8YKN outlines simple precautions that will allow your 
radio equipment to survive an electromagnetic pulse. 


Editor’s Note: Parts I and II of “Surviving the Unthinkable” appeared in the May and June, 1982, issues of 73. 


Thomas M. Miller WA8YKN 
936 Belmont Avenue 
Mansfield OH 44906 


O ne of the primary jus¬ 
tifications for the very 


existence of amateur radio 
is emergency communica¬ 
tions. Indeed, amateurs all 
over the world have volun¬ 
teered their skills in times of 
need, and we can look with 
pride on our record to date. 



Photo A. Electric outlet with MOV spike suppressor prop¬ 
erly installed. Below, two MOVs are connected in series for 
installation on a 220-volt line. 
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However, with today's ever¬ 
present nuclear threat, there 
exists a potential for the 
greatest communications di¬ 
saster ever imagined, and 
there is a very great possibil¬ 
ity that this time amateur 
radio might not be able to 
do the job. The danger to 
commercial, military, and 
amateur communications is 
EMP, electromagnetic pulse 

When a nuclear bomb is 
detonated, electromagnetic 
energy is released across the 
entire spectrum, from ex¬ 
tremely low frequency up 
through radio frequency, in¬ 
frared (heat), and right on 
through visible light to gam¬ 
ma rays. This massive release 
of broad-spectrum energy 
can cause large-scale disrup¬ 
tion of radio propagation. 

However, the situation 
could be much worse. If the 
device were detonated 
above the atmosphere, say 
300 miles or more, the high- 
energy gamma rays released 
in the first split second of the 
explosion would crash into 
the molecules of the upper 
atmosphere, knocking elec¬ 
trons loose. These electrons 
would be gathered up by 
the earth's magnetic field, 
where they would be de¬ 
flected to the planet's sur¬ 


face. The result is a dis¬ 
charge of extremely high 
voltage which finds its way 
to ground through any con¬ 
ductor available, much like 
a bolt of lightning does. 

Just as lightning striking 
an antenna will destroy a ra¬ 
dio on its way to ground, the 
high currents generated in 
cables, overhead wires, an¬ 
tennas, and other conduc¬ 
tors can destroy electrical 
equipment connected to 
them. This can cause loss of 
electrical power, telephone 
service, and other serious 
problems. But the EMP isn't 
through yet. The large cur¬ 
rent flowing through all 
these conductors to ground 
generates a huge electro¬ 
magnetic field, and that's 
the real problem for solid- 
state electronics, amateur 
radio included. 

When an electromagnetic 
field collapses, it will gener¬ 
ate induced current in any 
conductor which happens to 
"cut" its lines of magnetic 
force. The magnitude of the 
induced current is propor¬ 
tional to the intensity of the 
field that created it. 

The field intensity of an 
EMP caused by a nuclear 
device of moderate size ex¬ 
ploded above the atmo- 



sphere can reach 50,000 volts/ 
meter in the first ten bil¬ 
lionths of a second. 

The problem to radio am¬ 
ateurs is clear. The initial 
voltage pulse from either 
the ac power line or from the 
antenna and feedline can 
destroy an amateur-radio 
station. And even if the an¬ 
tenna and power are discon¬ 
nected, the currents induced 
by the collapsing magnetic 
field into the very circuits of 
the radio gear can destroy 
transistors and integrated 
circuits with ease. 

The similarity between 
the effects of EMP and light¬ 
ning are striking (pun in¬ 
tended). However, while a 
lightning strike might dam¬ 
age some equipment in the 
general area, the EMP from 
a nuclear blast would cover 
a much larger area. In fact, if 
the device were detonated 
around 400 miles above the 
central US, the resultant 
EMP could damage equip¬ 
ment over most of the coun¬ 
try! Imagine lightning 
striking every power line, ra¬ 
dio tower, and telephone 
pole in the country simulta¬ 
neously and you can begin 
to realize the extent of the 
EMP threat. 

In 1962, during a series of 
high-altitude weapon tests, 
a 1.5-megaton bomb called 
"Starfish" was detonated 
250 miles above Johnston Is¬ 
land in the Pacific Ocean. 
Instantly, lights winked out 
and burglar alarms rang all 
over Hawaii, over 600 miles 
away! Such an effect from 
so small a device was unex¬ 
pected and began the first 
real look into the EMP prob¬ 
lem. 

No one is more concerned 
about EMP than the mili¬ 
tary Since the Nuclear Test 
Ban Treaty prohibits atmo¬ 
spheric tests, a way had to 
be found to simulate the ef¬ 
fects so that various protec¬ 
tive measures could be 
evaluated. One such EMP 
simulator is "Trestle," lo¬ 
cated at Kirtland AFB in 
New Mexico. Trestle has a 
platform twelve stories high 
which can support a B-52 



Photo B. A simple home-brew high-voltage discharge gap 
for open-wire feedlines. 


bomber. In order to simulate 
a free-space condition, the 
entire structure is made of 
wood! 250,000 wooden nuts 
and bolts hold the structure 
together. Trestle can gen¬ 
erate five million volts 
which is discharged through 
antennas surrounding the 
structure. 

The results of tests at 
Trestle and other simulators 
seem to indicate that the ac¬ 
tual effect of EMP is pretty 
hard to predict. In fact, in a 
study by the National Re¬ 
search Council Committee, 
it was found that the effects 
of EMP often varied from 
predicted results by as much 
as 100:1 in either direction! 

Even though test results 
have often been unpredict¬ 
able. enough data has been 
gathered to suggest that 
there is much that we, as am¬ 
ateurs, can do to protect our 
equipment from the effects 
of EMP It is important that 
we take these steps if ama¬ 
teur radio is going to be of 
any value in the event of an 
EMP emergency. Let's take a 
look at the typical amateur 
station and see what can be 
done. 

Power lines: The best bet 
for ac power is to supply 
everything from a single 
fused disconnect located at 
a convenient spot in the 
room, to be used as a "mas¬ 
ter switch." This way the sta¬ 
tion, when not in use, would 
not be vulnerable to large 
spikes propagating down 
the ac line. 

To offer some protection 
while in use, a transient sup¬ 
pressor such as a GE-MOV 
(General Electric metal-ox¬ 
ide varistor) should be in¬ 
stalled from each ac line to 
ground at the disconnect. 
An additional MOV should 
be installed across each out¬ 
let into which the equip¬ 
ment is plugged. (See Photo 
A.) 

Another source of trouble 
here is the three-wire cord. 
These things are fine to pre¬ 
vent your toaster from elec¬ 
trocuting you if it should 
develop a short, but on radio 
equipment they are an invi¬ 


tation to ground loops, and 
in the event of an EMP or 
lightning strike, currents can 
be induced from the ac line 
to the third "ground" wire, 
causing large circulating 
currents in the chassis itself. 
That brings us to the next 
point. 

Grounding: If we are 
going to spare our equip¬ 
ment from EMP, we have to 
offer it something more at¬ 
tractive. We need the best 
ground we can possibly get. 
The standard eight-foot cop¬ 
per ground rod is a good 
starting point. Even better is 
several ground rods several 
feet apart joined together by 
a heavy (#8 or larger) wire 
just below the surface. The 
ground should be located 
near the equipment so that 
the connecting wire is as 
short and straight as possi¬ 
ble 

Many amateur stations 
are located near a window 
to provide easy ingress of 
feedlines, and this is an ideal 
place for the "station 
ground." Mount a plate of 
1/4-inch aluminum to the 


windowsill and connect it di¬ 
rectly to ground. Now all 
equipment in the shack is 
connected individually and 
directly to the ground plate 
using #8 aluminum wire. 
The cold water pipes, the 
tower base, the neighbor's 
chain-link fence, in short all 
the various large metal ob¬ 
jects that hams are known to 
hook into the ground sys¬ 
tem, should all be con¬ 
nected to the common 
ground plate. Everything 
connects to one point! This 
is why we cut off all the 
grounded plugs in the pre¬ 
vious step. Does your house 
have aluminum siding? 
Ground it! Not only will it 
provide lightning protec¬ 
tion, but it will also provide 
a degree of shielding. 

Feedlines should each be 
provided with a good light¬ 
ning arrestor at the point 
where it enters the house. 
Coaxial feedlines can use 
the arc-gap type, such as the 
Cushcraft "Blitz-Bug" or 
something similar. For open- 
wire line or twinlead, a sim¬ 
ple arc gap can be made 
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Fig. 1. 


from copper or aluminum 
(An example is shown in the 
Radio Amateur’s Hand¬ 
book. See Photo B.) What¬ 
ever type of suppressor is 
used, connect it directly to 
the station ground. 

Even with the lightning 
arrestors, it's a good idea to 
ground all feedlines when 
not in use. The rotary switch 
commonly used to select 
coax-fed antennas usually 
will ground all inputs but the 
one in use. Open-wire feed¬ 
lines can be grounded with a 
large knife switch. 

Feedlines can also be 
fused with fast fuses such as 


the Buss ABC type. The in¬ 
put to a sensitive receiver 
can be protected with a 1/4- 
Amp fuse such as the kind 
used to protect the input of 
a delicate volt ohmmeter 
Back-to-back diodes should 
be added across the antenna 
terminals to shunt the pulse 
to ground, blowing the fuse 
before the receiver is dam¬ 
aged. (See Fig. 1.) 

If the equipment in your 
shack is tube-type, the 
above steps may be all that 
is needed to offer reason¬ 
able protection from EMP 
Once we've provided a good 
ground and shunted off the 


primary surge, tubes are usu¬ 
ally quite capable of with¬ 
standing the voltages in¬ 
duced in the circuits by the 
collapsing field of the EMP. 
However, if your equipment 
is solid state, you may have 
to look at the final category 
in our EMP protection plan 

Shielding: The field gen¬ 
erated by the EMP will not 
cause current to flow in the 
circuits of our equipment if 
we prevent the magnetic 
lines of force from reaching 
those circuits. Many com¬ 
mercially produced trans¬ 
ceivers on the market today 
are very well shielded. Some 
are not This will have to be 
determined on a case-by- 
case basis. Things to watch 
are seams and cracks in cab¬ 
inets, and jacks for connect¬ 
ing cables. The "Construc¬ 
tion Practices" chapter of 
the Radio Amateur's Hand¬ 
book gives practical infor¬ 
mation on making radio 
equipment truly rf-tight. 

As we look back over all 
the above steps to protect 


our equipment from EMP, 
one fact stands out clearly: 
All of the steps are exten¬ 
sions of normal amateur 
practice! There is nothing 
secret or exotic here, not 
even anything difficult or ex¬ 
pensive In fact, if you read 
the building codes govern¬ 
ing radio stations, you will 
probably find that most of 
these switching and ground¬ 
ing techniques are required 
by law! But even though we 
all know about proper 
grounding, lightning sup¬ 
pression, etc., how many 
amateurs have taken the 
time to do the job right? 

By taking the steps out¬ 
lined above, we can stand a 
much better chance of pro¬ 
viding the service our neigh¬ 
bors expect of us should the 
electromagnetic pulse ever 
threaten our normal com¬ 
munication channels. At the 
same time we will be making 
our amateur-radio stations 
better organized, less likely 
to cause TVI, and above all, 
safer!! 





★ VHF and UHF Coverage 

* Computer Interface 

* Speech Synthesizer 

★ 12 VOC Operation 


New Technology (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection. Call dr write for full details and prices. 

H DOPPLER SYSTEMS, INC. (602) 998-1151 
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David S. Komm KD6VP 
1814 Schilling Court 
Torrance CA 90507 


Scope That Signal 

Are you overmodulating? Is your linear linear? Find out 
with a station monitor you've built from scratch. 


D o you worry? I do. When 
I operated SSB, I al¬ 
ways used to worry about 
whether my rig was adjusted 
properly to put out the best 
possible signal. My rig, like 
many transceivers today, 
uses a linear stage for the fi¬ 
nal amplifier regardless of 
the mode of operation, be it 
SSB or CW, and the only in¬ 
strumentation provided is 
the ubiquitous panel meter. 
In addition, I had a direc¬ 


tional coupler for measuring 
forward power and vswr. 
With this arrangement, tun¬ 
ing up for CW is no particu¬ 
lar problem: Just put the key 
down, keep the plate cur¬ 
rent more or less dipped (it's 
a vacuum-tube final), watch 
the forward-power meter, and 
tune for maximum smoke 
(that is, forward power) 
while not exceeding a cer¬ 
tain maximum allowable 
value of plate current 



Photo A. The monitor scope is built in two enclosures. The 
one on the left contains the power supplies and the main 
circuitry. 
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With SSB (and to a lesser 
extent AM, assuming there is 
anybody out there still run¬ 
ning AM) the problem is not 
so easy, however. Since 
panel meters can't respond 
to the instantaneous 
changes in the transmitter 
during modulation, an oscil¬ 
loscope must be used for 
monitoring the true state of 
the transmitted signal. Some 
fine monitor scopes de¬ 
signed specifically for ama¬ 
teur use are available 
commercially, but the prices 
are rather steep. Conse¬ 
quently, most of us fall back 
on the time-honored proce¬ 
dure of setting the rig to the 
Tune position, putting out a 
single CW note, and tuning 
for maximum forward 
power. When the rig is 
switched back for SSB mod¬ 
ulation, we just hope every¬ 
thing will come out OK 
Nevertheless, this still leaves 
unanswered the question of 
whether the rig is properly 
tuned up. Being the sort who 
worries endlessly about 
such little questions, I used 
to sit there and worry. 

This state of affairs per¬ 


sisted up until August, 1983, 
when the FCC finally 
changed the rules on maxi¬ 
mum allowable power for 
the Amateur Radio Service. 
Whereas previously we were 
limited to 1-kW-dc input 
power with no limit on out¬ 
put power, now we have a 
1500-Watt limit on PEP out¬ 
put power with no limit on 
dc input power (except for 
AM DSB which temporarily 
remains unchanged). In or¬ 
der to most effectively uti¬ 
lize the new rule, we now 
need the ability to make ac¬ 
curate output-power mea¬ 
surements for all modes of 
operation. An oscilloscope 
nicely meets this require¬ 
ment. Consequently, I fi¬ 
nally came to the decision 
that I had to have a monitor 
scope. With the prices of the 
commercial units making 
them out of the question for 
me. I would have to build 
one. 

What follows is a descrip¬ 
tion of a monitor scope that 
is relatively easy to build 
and that is cheap. The whole 
cost was less than $50.00, ex¬ 
clusive of the price of the 



CRT (which was already on 
hand, having been obtained 
many years previously by a 
method so unlikely as to be 
quite unbelievable). The de¬ 
vice includes a built-in two- 
tone signal generator and a 
two-speed linear-sweep gen¬ 
erator, one sweep speed 
being used for examining 
the two-tone test pattern (or 
just a single-tone pattern for 
AM rigs) and the other speed 
being used for examining 
voice patterns during nor¬ 
mal station operation. 

While most readers will 
not wish to duplicate the 
unit in its entirety (especially 
the toroidal transformer for 
the horizontal-sweep volt¬ 
age), the main circuitry is so 
straightforward that it 
should serve as an excellent 
starting point for those wish¬ 
ing to build their own moni¬ 
tor scope Those who 
already have a general-pur¬ 
pose oscilloscope equipped 
with an external input to the 
horizontal amplifier (which 
also provides, or can be 
adapted to provide, a direct 
connection to the CRT verti¬ 
cal-deflection plates) will 
need to build only the main 
circuitry and the low-volt¬ 
age power supplies toobtain 
a first-class scope. 

General Description 

Fig. 1 is a block diagram 
of the monitor which illus¬ 
trates the key features of the 
unit. A 12-kHz pulse genera¬ 
tor is the initial source for 
each of the two sine waves 
used for the two-tone signal 
(1200 Hz and 2000 Hz) and it 
also is the source for the trig¬ 
ger pulses for the CRT sweep 
waveform. The1200-Hz sine 
wave is derived by digitally 
dividing the 12-kHz pulses 
symmetrically by ten, and 
then passing the resulting 
square wave through a 700- 
Hz low-pass active filter. 
The 2000-Hz sine wave is 
similarly derived, except 
that the division is by six and 
the low-pass filter has a cut¬ 
off frequency of 1100 Hz. 

The two sine waves are 
then linearly added in a 
strobed adder circuit driven 



Photo B. Interior view of the monitor scope. The power 
supplies are at the rear. 


by a separate asynchronous 
pulse generator running at 
about 10 Hz By adjusting 
the duty cycle of the asyn¬ 
chronous pulse generator to 
approximately 33%, the re¬ 
sulting pulsed two-tone test 
signal can be continuously 
applied to the transmitter 
under test without exceed¬ 
ing the transmitter’s maxi¬ 
mum dissipation limits. At 
the same time, the CRT dis¬ 
play appears to be continu¬ 
ous and can be examined at 
your leisure. While the trick 
of pulsing the two-tone test 
signal is not new, 1 1 its use 
has not appeared in the lit¬ 
erature for a long while; it is 
a technique worth remem¬ 
bering. Provision is also 
made for running the adder 
continuously; in this manner 
the PEP dc input power may 
more easily be determined 
(see below). 

Besides generating a two- 
tone test signal, the monitor 
also can provide just the 
1200-Hz sine wave as a test 
signal for use with AM rigs. 
Since AM transmitters must 
have sufficient dissipation 
capability to run with con¬ 
tinuous modulation, the 
1200-Hz signal need not be 
pulsed. 

In addition to the sine 
waves, the trigger pulses for 
the sweep generators are 
also derived by digital divi¬ 
sion. The 2000-Hz square 
waves are further divided: 


by ten to provide 200-Hz 
pulses for triggering the 4-ms 
sweep generator, and by 60 
to provide 33-1/3-Hz pulses 
for triggering the 24-ms 
sweep generator. The 4-ms 
sweep displays 3.2 complete 
beats of the 800-Hz differ¬ 
ence between the two sine 
waves, while the 24-ms 
sweep is a convenient speed 
for viewing voice patterns. 

It is important to note 
that by this choice of divi¬ 
sion factors (2, 5, and 6), the 
4-ms-sweep repetition rate 
of 20C Hz is an exact sub¬ 
multiple of both of the sine 
waves; and since all three 
waveforms are derived by 
digital division of one com¬ 
mon oscillator, the relative 
phases of the three wave¬ 
forms are fixed and cannot 
change even if the 12-kHz 
oscillator drifts in fre¬ 
quency. In this manner an 


unconditionally-stable CRT 
display is produced without 
the complication of in¬ 
volved level-sensitive trigger 
circuits such as are found in 
the normal measurement os¬ 
cilloscope. The 24-ms-sweep 
divisor chain, while mainly 
intended for voice-pattern 
observation, also contains 
the same division factors; it, 
too, will produce a stable 
two-tone pattern if desired. 
Similarly-stable AM-enve- 
lope test patterns are also 
produced. 

Main Circuit 

The main circuitry which 
forms the heart of the moni¬ 
tor scope is shown in Fig. 2. 
A 555 timer, U1, is the 12- 
kHz pulse generator, with 
R1 providing fine frequency 
adjustment. The exact val¬ 
ues shown need not be used, 
but all resistances and the 



Fig. 1. Block diagram. 
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value of the timing capaci¬ 
tor, Cl, must be changed 
proportionally if the 12-kHz 
oscillation frequency is to 
be maintained. Although 
drift in the oscillator fre¬ 
quency will not cause the 
CRT display to change, a ca¬ 
pacitor with good stability, 
such as a silvered mica or a 
polycarbonate, should be 
used at Cl. 

U1 directly drives the di¬ 
vider chain of U2 through 
U6 Initially, regular TTL 
packages were used, but the 
current consumption was 
over 150 mA, which proved 
to be a little too much for 
the heat sink used on the 
+ 5-V-dc regulator. Low-pow¬ 
er Schottky devices were 
substituted and the current 
consumption dropped to 
around 65 mA. 

The 1200-Hz square 
waves from U2 are applied 
to the input of the 700-Hz, 
two-stage, active low-pass 
filter formed by U7, while 


the 2000-Hz square waves 
from U3 are fed to the 1100- 
Hz filter formed by U8. In 
this case, type-747 packages 
(dual 741s) were used, but in¬ 
dividual 741 s may be used if 
desired (or a single LM348— 
quad 741s—can be used if 
obtainable). Both of the fil¬ 
ters are implemented using 
the op amps as non-inverting 
voltage-controlled voltage 
sources with a passband 
gain of two (set by the 10k 
and 22k resistors). By pick¬ 
ing the gain to be two and 
using equal values for the 
two frequency-determining 
capacitors in each stage, the 
formulae for the required re¬ 
sistances simplify to R1 = 
Q/l2irfC) and R2 = R1/Q-, 
where R1 is the input resistor 
(100k) and R2 is the resistor 
between the two capacitors 
(200k). The Q of the filters 
was set at 0.707 to prevent 
ringing 

Again, there is nothing sa¬ 
cred about the exact values 


used, and the ones shown 
here were picked entirely as 
a matter of convenience 
from parts on hand in the 
junk box. Thus the gain-set¬ 
ting resistors could just as 
easily have been 4.7k and 
10k, or 22k and 47k, etc. If a 
capacitance value other 
than 1600 pF is desired, the 
100k and 200k 1 % resistors 
can be replaced according 
to the formulae above. How¬ 
ever, resistance values 
much larger than the 200k 
shown here should be 
avoided to prevent difficul¬ 
ties caused by the op amp's 
input offset currents. Al¬ 
though 1% resistors are 
shown, 5% values can prob¬ 
ably be used in the filters 
without any serious loss in 
performance. 

The recovered sine waves 
from the low-pass filters are 
linearly added in U11 A 
package with a single op 
amp is required here to al¬ 
low strobing. Stage gain is 


set for 100 to prevent an 
objectionable amount of 
signal feedthrough when 
power is not applied to the 
adder. The signal level out 
of the low-pass filters is 
about 1 volt peak To pre¬ 
vent saturation of the adder, 
the level-setting pots, R2 and 
R3, attenuate the tones by a 
factor of ten; a further reduc¬ 
tion is achieved by the10-to-1 
dividers between the pots and 
the input to the adder. 

The 10k pot, R8. on the 
output of the adder allows 
the two-tone signal to be at¬ 
tenuated to the level of the 
1200-Hz sine wave so that if 
you want to switch between 
the two-tone signal and the 
1200-Hz sine wave when 
testing, the signal level to 
the transmitter remains the 
same. Either the two-tone 
signal or the straight 1200- 
Hz sine wave is selected by 
S3, and the level to the trans¬ 
mitter is set by R9. 

A second 555 timer is 
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used for the asynchronous 
10-Hz pulse generator that 
provides the strobed power 
for the adder; either these 
pulses or continuous power 
may be selected by S2. Use 
of the two blocking diodes, 
D3 and D4, divorces the 
charging-current path from 
the discharge-current path 
to allow duty cycles less 
than 50% Equalizing zener 
diodes D5 and D6 provides 
the base drive for the V- 
strobe transistor, Q1, or a 
single zener in the 18-to-24- 
volt range could be used if 
available 

Two separate CRT sweep 
generators were built, each 
using 1 /4th of an LM3900 
package with the sweep 
speed being selected by SI 
(the remaining two quarters 
were not used) Sweep time 
is determined by the capaci¬ 
tors, and it was felt that it 
was best not to put the selec¬ 
tion switch in the capacitor 
circuit Since the LM3900 
operates from a single- 
ended supply, the sweep 
voltage is always positive 
and a blocking capacitor 
has to be used before the fol¬ 
lowing amplifier to remove 
the dc component of the 
sweep waveform. 

The leading edge of the 
trigger pulse from the di¬ 
vider chain sets the genera¬ 
tor output low, and then the 
output starts rising linearly 
as soon as the trigger pulse 
goes low. The output contin¬ 
ues to rise until maximum 
supply voltage is reached, at 
which point the generator 
locks up until the next trig¬ 
ger pulse resets it. 

Consequently, to produce 
a linear sweep with no high- 
level dead time, the interval 
between trigger pulses must 
be less than the maximum 
available charging time for 
the capacitor. As long as this 
criterion is met, sweep time 
will be determined by the in¬ 
terval between trigger 
pulses and not by the value 
of the capacitor, per se. 
However, if the maximum 
available charging time is 
very much longer than the 
interval between trigger 



pulses, relatively little 
sweep voltage will be devel¬ 
oped Hence, for a given trig- 
ger-pulse interval, some 
reasonable capacitor value 
must be chosen. The values 
shown are about optimum 
for the trigger pulses used 
here, and the sweep-genera¬ 
tor outputs are each about 
two volts peak. Equalization 
of CRT sweep widths are ob¬ 
tained with R4 and R5, and a 
sweep output of about 20 
volts peak is produced by 
the U12 amplifier stage fol¬ 
lowing the generators. 

As mentioned previously, 
the circuit of Fig. 2 is all 
you'll need if you already 
have a general-purpose os¬ 
cilloscope that has its own 
built-in horizontal amplifier 
and direct access to the ver¬ 
tical plates. If you fall into 
that category, you can skip 
the next section and go look 
at the power supplies But if 
you want to start from 
scratch with just a CRT, the 
next section will show you 
how to do it. 

CRT Circuit 

In Fig. 3 you can see 
what's needed to hook up a 
CRT to get a usable trace. 
It's a simple circuit and is 
basically taken straight from 
any copy of The Radio Am¬ 
ateur's Handbook between 


1962 and 1980. (I presume 
it's in later editions also.) All 
resistances are 10%, and all 
wattages are 1/2 Watt, ex¬ 
cept for the two 470k, 1-W 
resistors. There are a few 
changes from the basic 
Handbook circuit that are 
worth noting here: 

Since the high-voltage 
supply I built provided 1600 
volts, the voltage divider 
chain was adjusted to draw 
1 mA at this voltage. I then 
picked the 100k and 250k 
pots and the 150k dropping 
resistor to roughly match 
the recommended range of 
operating voltages specified 
by the data sheet for the 
DuMont KC2346P1 CRT 
This tube has a deflection 
sensitivity of about 25 to 30 
volts per inch, so the 82 volts 
of plus-or-minus dc voltage 
on the plates guaranteed 
that the trace could be 
moved anywhere on the 
face of the screen. I'll give 
you 100-to-1 odds that you 
won't be using this particu¬ 
lar CRT, but the adjustment 
range can easily be changed 
by altering the 82k resistors 
for any CRT you happen to 
have. 

Don't forget to include 
the 1-M resistor that ties the 
heater to Cl. Most CRTs 
aren't built to have more 
than about 150 volts be- 
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tween cathode and heater. 
You can run the resistor to 
the cathode instead of Cl if 
it's more convenient with 
your particular tube. 

You will also note a ,001-uF 
disc ceramic across the hori¬ 
zontal-deflection plates. This 
capacitor helps keep rf off 
these plates, and it will help 
extend the usable upper fre¬ 
quency limit of the CRT. 
Mount the capacitor on the 
CRT socket directly between 
the terminals for the horizon¬ 
tal plates to get the maximum 
possible benefit. 

The Ik resistor, in series 
with the cathode, is used to 
measure beam current to 
verify that you are not draw¬ 
ing excessive current from 
the electron gun. The cur¬ 
rent is determined by care¬ 
fully measuring the voltage 
drop across the resistor. Be 
extremely careful if you do 
this, because the whole me¬ 
ter and its leads will float up 
to almost the full value of 
the high-voltage supply. A 
shock from a 1600-volt sup¬ 
ply is always a very serious 
matter, if not a fatal one. 

Now comes the problem 
of how to get the necessary 
horizontal-deflection volt¬ 
age to sweep the CRT. The 
DuMont tube was a three- 
inch tube, so it required 
something like 100 volts of 
sawtooth to sweep it. Some 
of the older and more com¬ 
mon CRTs, like a 3AP1 or a 
5BP1, have deflection sensi¬ 
tivities as low as 150 volts 
per inch, or worse With one 
of these tubes, 500 or more 
volts of sawtooth might be 
needed. Sweep voltages of 
this magnitude are difficult 
to produce with common 
solid-state components — 
and besides, I didn't want to 
include yet another supply 
in the monitor. So instead I 
built the sweep transformer, 
T1, winding it on an Amidon 
FT-193-J toroidal ferrite 
core. 5 

Without going into the 
theory of transformer de¬ 
sign, I want to point out two 
requirements that had to be 
met: First, there had to be 
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Photo C. Details of the CRT mounting. Note the clamps on 
the neck and the styrofoam block on the body of the CRT. 

enough turns on the primary flection for voice patterns, 
to avoid saturating the core, Probably 400 turns on the 
and second, the self-induc- primary and 6000 turns on 
tance of the primary had to the secondary would have 
be high enough to present a been a better choice for this 
reasonably high impedence core, 
to the driving source. After a Let me hasten to add that 
great deal of fiddling I had access to a toroidal- 
around, I determined that coil winding machine and I 
with this core, 200 turns on did not wind T1 by hand, 
the primary would be Amidon now offers ferrite E 
enough for the fast sweep cores which come in two 
speed, so when I wound it, I halves, and with these cores 

used 300 turns to be safe. a bobbin can be wound nor- 

For the secondary, I used mally using an electric drill. 
4500 turns to obtain a 15-to- This is a much more practi- 
1 step-up transformer. Since cal procedure for home con- 
the U12 amplifier stage put struction. For anyone 
out about 20 volts, I ended wishing to try an E core, I 
up with about 300 volts of would recommend using 
peak sawtooth which was one of the larger sizes rated 
more than enough for the for 100 to 200 Watts when 
DuMont tube. However, at used as a power trans- 
the slow sweep speed the former, 
core would saturate before Another way to obtain the 
a full-screen sweep could be sweep voltage, of course, is 
obtained, so I had to limit to build a several-hundred- 
myself to about 2.5" of de- volt supply and use a vac¬ 


uum-tube amplifier to de¬ 
velop the sweep voltage 

However the sweep volt¬ 
age is obtained, provision 
should also be made for an 
external horizontal input to 
enable production of the 
trapezoidal pattern when 
checking AM rigs. 

Power Supplies 

The main circuitry re¬ 
quires power supplies to pro¬ 
vide + 5 volts, +15 volts, 
and -15 volts. If you plan to 
build a complete monitor 
scope from scratch, you will 
also need at least a high- 
voltage supply for the CRT. 
The supplies I used are 
shown in Fig. 4, which is 
pretty much self-explana¬ 
tory. With the choice of 
windings as shown, trans¬ 
former T3 is rated by the 
manufacturer to produce a 
nominal 34 V ac across the 
whole secondary. Any cen¬ 
ter-tapped transformer in 
the range of 30 to 40 volts 
and 25 mA or more should 
be satisfactory. 

You can be quite flexible 
in the design of the high- 
voltage supply since most 
CRTs will work with any¬ 
thing from 1 kV to 2 kV or 
perhaps a little higher, de¬ 
pending on the tube. Check 
the manufacturer's data 
sheet or the tube tables to 
determine the maximum op¬ 
erating voltage, and then 
pick about 60% to 75% of 



Fig. 4. Power supplies. 
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that. Try to stay above 1 kV 
to get enough brightness. It's 
quite annoying if you have 
to turn off the room lights to 
see the trace clearly. 

In this case, I was able to 
find at a local electronics 
surplus store a CRT trans¬ 
former that matched my re¬ 
quirements very well: This 
transformer provided 1600 
volts for the CRT, which was 
nearly optimum. Besides 
producing the correct volt¬ 
age, be sure to use enough 
filter capacitance to keep 
the ripple low, otherwise 
hum will show on the trace. 
The exact value of capaci¬ 
tance needed will depend 
upon the current drain from 
the supply, the voltage sen¬ 
sitivity of the CRT deflection 
plates, and the electron gun 
focusing. In this scope, 1 mA 
flows in the equalizing resis¬ 
tors across the rectifiers. 1 
mA flows in the voltage di¬ 
vider chain, and the CRT 
electron gun draws about 
0.5 mA. Initially I used only 
0.15 uF for the filter, and it 
wasn't enough. The mea¬ 
sured ripple was 20 V rms. 

The effect of the hum did 
not appear as a 60-Hz sine 
wave or as a general fuzzi¬ 
ness of the trace as you 
might expect (I did!). Rather, 
with the sawtooth sweep ap¬ 
plied to the horizontal 
plates, the effect was such 
as to produce a vertical pat¬ 
tern on the trace that ap¬ 
proximately looked like the 
sawtooth waveform itself 
However, since the sweep 
frequency was not related in 
any way to the line fre¬ 
quency, the trace was con¬ 
stantly rotating. This was 
very confusing. When I fi¬ 
nally realized it was the ef¬ 
fect of ripple, I added a 2-uF 
oil-filled capacitor from the 
junk box (that was margin¬ 
ally ok, but 10 uF to 20 uF 
would have been better). 

One last warning: Be 
Careful! Supplies at this 
voltage require constant vig¬ 
ilance. 

Construction 

Construction of the moni- 




tor scope is straightforward. 
As shown in Photo A, the 
unit was assembled in two 
separate enclosures, one for 
the CRT and its associated 
circuitry of Fig. 3, and a sec¬ 
ond one for the remainder of 
the circuitry. The two enclo¬ 
sures were connected by a 
heavily-shielded cable. In 
this manner, the CRT was 
kept far away from the stray 
fields of the power trans¬ 
formers which otherwise 
could have blurred the oscil¬ 
loscope trace Point-to-point 
wiring was used in the CRT 
enclosure, while perfboard 
construction was used in the 
other. All ICs, U1 to U12, 
were mounted with sockets 
on the perfboard. 

Mounting the CRT is a lit¬ 
tle tricky because of its fra¬ 
gility. The method used here 
is shown in Photos B and C. 
A screen was made of hard 
clear plastic by inscribing a 
centimeter graticule with a 
ruler and a sharp point. This 
screen was placed directly 
inside the enclosure over the 
opening for the CRT face. 
The face of the CRT was 
placed against the screen, 
and the CRT was supported 
on its large front diameter 
by cutting a tight-fitting hole 
for the CRT in a block of 
styrofoam® that was in turn 
fitted to the inside enclo¬ 
sure. 

The neck of the CRT was 
captured and supported by 
two V-brackets made of alu¬ 
minum strip. The brackets 
clamped the neck of the 
tube from above and below. 
Before clamping, a piece of 
rubber from an inner tube 
was placed around the CRT 
neck to prevent direct 
metal-to-glass contact. In 
this manner, the neck could 
be gripped quite securely 
without damage. 

Special care in mounting 
was also needed for poten¬ 
tiometers R12 and R13, the 
focus and intensity adjust¬ 
ments, respectively: As can 
be seen in Fig. 3, these con¬ 
trols float at high voltage. 
They were mounted on a 
small piece of hard plastic. 



Fig. 5. Coupling rf to oscilloscope. 


and insulating couplings 
were used to couple the 
shafts to the knobs on the 
outside. 

No other additional pre¬ 
cautions have to be taken 
other than to use good engi¬ 
neering practice when wir¬ 
ing the CRT HV supply, and 
to use leads as short as pos¬ 
sible for bringing the rf to 
the hot CRT vertical-deflec¬ 
tion plate. 

Adjustment and Checkout 

If a general-purpose oscil¬ 
loscope is available, it will 
be very useful for checking 
the operation of the main 
circuitry (although you can 
get by without one). If you 
can borrow one for the ad¬ 
justment, it will be worth the 
effort. 

Build the power supplies 
and get them working first; 
then start on the main cir¬ 
cuitry. I found it useful to 
build one functional block 
at a time and check it out be¬ 
fore I went on to the next. 
This method seems to make 
troubleshooting easier. If 
some method of checking 
frequency is available (e g., 
a calibrated oscilloscope), 
adjust R1 to produce 12-kHz 
pulses from U1; otherwise 
set R1 to the middle of its 
range Check for output 
from U2 through U6 to ver¬ 
ify proper operation of the 
frequency divider chain. 

Temporarily remove U7 
and U8 from their sockets. 
Set S2 for application of 
continuous power to U11, 
and then adjust R7 for zero 
output on pin 6 of the 741. 
Reinstall U7 and U8 and 
then adjust the outputs from 
R2 and R3 for approximately 
0.5 volts peak each. Adjust 
the output from R8 to equal 
that from R2 If an oscillo¬ 
scope is available, adjust R6 
to produce a 33% duty 
cycle in the UlOoscillator. If 


an oscilloscope is not avail¬ 
able, this adjustment can be 
accomplished later when 
the two-tone generator is 
finished and an amplifier is 
under test by observing the 
plate current drawn by the 
final when driven by the 
pulsed two-tone signal: Ad¬ 
just R6 until the current 
drawn is 1/3 qf that drawn by 
the final when S2 is momen¬ 
tarily set for a continuous 
two-tone signal. Remember 
to use a dummy load since 
there is enough garbage on 
the air already! 

Finally, after the main cir¬ 
cuitry is driving a CRT, R4 
and R5 can be adjusted to 
produce the desired sweep 
widths across the face of the 
CRT R9 is most conve¬ 
niently adjusted after the 
monitor scope is connected 
to the transmitter. It is set to 
produce a signal-level out¬ 
put equivalent to the output 
of the microphone used with 
the rig. 

Coupling Transmitter 
to Oscilloscope 

If a general-purpose oscil¬ 
loscope is used, connection 
must be made directly to the 
CRT's vertical-deflection 
plates, unless the oscillo¬ 
scope's vertical amplifier 
has a bandwidth great 
enough to pass the transmit¬ 
ter's output frequency, in 
which case the normal verti¬ 
cal input can be used. (But 
be careful not to blow out 
the vertical amplifier by ap¬ 
plying too much power.) The 
horizontal sweep from the 
main circuitry's sweep gen¬ 
erators can be fed to the 
oscilloscope's external hor¬ 
izontal input. Depending 
upon the power level of the 
transmitter and the deflec¬ 
tion sensitivity of the CRT, 
various methods can be 
used to apply the rf signal to 
the vertical plates. 
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Methods that use a paral¬ 
lel resonant LC circuit con¬ 
nected to the CRT plates 
and a pickup loop coupled 
to the transmitter will work 
with very low power levels 
since the resonant LC circuit 
can develop a large rf volt¬ 
age in spite of the power 
level. Fig. 5 illustrates this 
method The pickup loop 
can be placed anywhere in 
the system beyond the point 
where any adjustments are 
to be made. Typical loca¬ 
tions are a dummy load, an 
antenna tuner (transmatch), 
or often the transmission 
line itself. 

If the power level of the 
transmitter and the deflec¬ 
tion sensitivity of the CRT 
are well matched, some¬ 
times merely a simple tee fit¬ 
ting can be inserted in the 
transmission line. The signal 
available at the arm of the 
tee can be applied directly 
to the vertical input to the 
oscilloscope through a 
blocking capacitor. At high 
power levels, the center con¬ 
ductor of the stem of the tee 
can be removed and re¬ 
placed by a short stub which 
couples capacitively to the 
center conductor that re¬ 
mains in the cross arm of the 
tee. Modified tees of this 
sort can be constructed with 
different coupling coeffi¬ 
cients for different power 
levels. 

Transmitter Testing 

With the oscilloscope 
coupled to the transmitter, 
the two-tone signal can now 
be injected into the trans¬ 
mitter through the mike 
jack. Set the transmitter's 
mike-gain control to its nor¬ 
mal position for SSB opera¬ 
tion, and make any required 
adjustments in input signal 
level to the transmitter with 
R9, the output-level control 
of the main circuitry. S2 can 
be momentarily set for con¬ 
tinuous output while adjust¬ 
ing R9. On rigs with an ALC 
indicator, adjust R9 so that 
ALC activity just starts to oc¬ 
cur; otherwise set R9 by 
whatever method is usually 
used to adjust the mike gain, 
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Be sure to use a dummy load 
out of courtesy to other am¬ 
ateurs. After setting R9, 
don't forget to return S2 to 
the pulse position. 

With the two-tone signal 
being fed to the transmitter 
and the output dissipated in 
the dummy load, the enve¬ 
lope of the test pattern 
should be observed on the 
oscilloscope. Photo D is an 
example of what the display 
should look like. Examples 
of what the pattern should 
not look like can be found in 
the references as can be ad¬ 
ditional examples of correct 
two-tone envelope pat¬ 
terns. 4 '' 1 ’" If any deviation 
from the correct pattern can 
be seen by the naked eye, 
then the actual level of spu¬ 
rious products has already 
reached moderate levels. 

In other words, by the 
time the human eye can no¬ 
tice distortion in the two- 
tone test envelope pattern, 
actual spurious output prod¬ 
ucts as would be shown by a 
spectrum analyzer (IMD 
products as well as insuffi¬ 
cient carrier suppression) 
have already reached an 
unacceptably high level of 
- 25 to - 20 dB down from 
the PEP output level. 4 Need¬ 
less to say, if you can see any 
distortion in the two-tone 
pattern, adjustment of the 
transmitter and/or amplifier 
is necessary. Hopefully, you 
will be able to obtain the 
correct pattern of Photo D. 

Input Power Measurement 

If S2 is momentarily set 
for continuous application 
of the two-tone test signal 
and the indicated dc input 
current is observed, the PEP 
input current being drawn 
can be calculated by: l(PEP) 
= 1.571 x l(dc) -0.570 
x 1(0), where l(PEP) is the 
PEP input current, l(dc) is the 
dc input current indicated 
by the meter, and 1(0) is the 
resting current drawn by the 
final with no output sig¬ 
nal Apply the continuous 
two-tone signal only long 
enough to obtain the read¬ 
ing, otherwise you might 
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Photo D. Correct two-tone test pattern as displayed by the 
monitor scope. Coupling was by use of a tee in the trans¬ 
mission line. 


overheat the final amplifi¬ 
er. Also, measure the supply 
voltage to the final while the 
continuous two-tone signal 
is applied. This is necessary 
because most supply volt¬ 
ages drop significantly un¬ 
der loaded conditions. The 
product of the loaded sup¬ 
ply voltage and the PEP in¬ 
put current then give the 
PEP input power to the final 
amplifier under test. 

Output Power 
Measurement 

Besides checking for dis¬ 
tortion, the oscilloscope is a 
useful instrument for mea¬ 
suring peak instantaneous 
output power Remember 
that peak instantaneous out¬ 
put power is not PEP output 
power PEP output power is 
the rms power of one com¬ 
plete rf cycle occurring 
during periods of peak 
modulation when transmit¬ 
ting SSB or under key-down 
conditions during CW op¬ 
eration. Note that as with 
other methods of measur¬ 
ing rf power, the transmis¬ 
sion line must be properly 
terminated if accurate 
measurements are to be 
obtained. 

If a convenient display 
that fills between 40% to 
90% of the screen can be 
obtained with the direct- 
connection technique using 
a normal tee fitting in the 
transmission line, it is neces¬ 
sary only to calibrate the 
vertical deflection of the os¬ 
cilloscope directly in volts 
per graticule division. PEP 
output power is then given 
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by: P = E J /(2Z), where E is 
the peak instantaneous volt¬ 
age as measured by the os¬ 
cilloscope (1/2 of the total 
pattern height) and Z is the 
characteristic impedance of 
the transmission line. Cali¬ 
bration of the vertical-de- 
flection factor can easily be 
obtained by applying 60 Hz 
ac to the vertical plates from 
an appropriate transformer. 
Be sure to measure the volt¬ 
age with an ac voltmeter; 
don’t rely on the rated 
voltage of the transform¬ 
er. Remember that the 
voltmeter will almost cer¬ 
tainly read the rms voltage, 
not the peak-to-peak volt¬ 
age which is what the oscil¬ 
loscope will display. 

If one of the other indirect 
coupling methods is used, 
then there will be an arbi¬ 
trary but constant factor re¬ 
lating graticule divisions to 
the peak-to-peak rf voltage 
displayed. One method of 
determining this calibration 
constant is to insert a cali¬ 
brated rf wattmeter into the 
transmission line and mea¬ 
sure the rf power delivered 
by the transmitter when set 
for normal CW operation. At 
the same time, note the 
height of the pattern on the 
oscilloscope screen. If the 
wattmeter reads average or 
rms power, then the peak in¬ 
stantaneous r f volt age is 
given by: E = -J2 P Z 

Alternatively, an rf am¬ 
meter can be inserted into 
the transmission line to mea¬ 
sure the rms current, and 
then the peak instantaneous 
rf voltage is given by: E = 


1 414 I Z. Remember that 
these values must be multi¬ 
plied by two to obtain the 
peak-to-peak value which 
represents the full pattern 
height. 

Another method of deter¬ 
mining the calibration con¬ 
stant is to measure the rf 
voltage developed across a 
dummy load with an rf volt¬ 
meter probe connected to a 
VTVM or other high-input 
impedance voltmeter; these 
rf probes usually are set up 
to measure rms voltage, and 
this value must be multi¬ 
plied by 2.828 to obtain the 
peak-to-peak value. 

Conclusion 

Once the monitor scope is 
working properly and, if de¬ 
sired, it has been calibrated 
for output power, it can be 
left in the transmission line 
as a permanent indicator of 
correct station operation. 
The pulsed two-tone pattern 
can be used briefly to tune 
up the rig for maximum 
power without distortion, 
and during speech transmis¬ 
sion, the voice-pattern 
peaks can be examined to 
be sure they are not exceed¬ 
ing this level. In this manner, 
peace of mind for the doubt¬ 
ing Thomas can at last be 
obtained. ■ 
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A Scavenger's Radio 

Using it is easier than building it. 


T his little receiver is ac¬ 
tually a combination of 
two other previously-pub¬ 
lished (and therefore copy¬ 
righted) projects. The rf 
oscillator (Fig. 1) was built 
from scratch, following the 
schematic given in one of 
Radio Shack's "101-in-ONE 
Electronic Projects" kits. The 
detector/amp (Fig. 2) was 
originally described as a 
"High-Performance Transis¬ 
tor Radio," a souped-up 
"crystal set" from Elemen¬ 
tary Electronics' supplemen¬ 
tary publication entitled 101 
Electronic Projects ("for 
under $15 —all easy to 
build"), 1978 edition; the 
radio was project #12, 
page 21 

The model I'm using now 
is a prototype and I'm sure it 
can use considerable im¬ 
provement. I discovered 


quite by accident that hold¬ 
ing the oscillator (at that 
time powered by its own 
battery) near the JFET radio 
(which already had its short¬ 
wave L2/L3 coil) would in¬ 
crease the gain and sensitiv¬ 
ity an amazing amount. I 
suspect it's a regenerative 
effect, like the old "tickler 
coil" sets. 

I found by experiment 
that the JFET radio's band 
coverage could be extended 
above and below the stan¬ 
dard broadcast AM band 
(550 kHz to 1600 kHz) by 
using interchangeable coils 
of different sizes. This was 
before I added the oscil¬ 
lator. The selectivity is fairly 
good, and a double-tuned 
tank using a ganged padder 
capacitor might improve the 
selectivity. I described the 
above combination using 


V 



Fig. 1. The original rf oscillator circuit. 



Fig 2. The detector/amp. here disguised as a transistor radio. 
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the old TV coils because it 
works so well. Note: the 
oscillator needs some im¬ 
provement to remove a 
tendency to break into 
audio oscillation at a couple 
of places on the position of 
L-l's tuning slug. Otherwise 
it's an amazing, easily con¬ 
structed project that many 
others may find fun to try. 

Li and L2/L3 are recycled 
coils from a broken TV set 
They are slug-tuned with fer¬ 
rite cores, approximately V4 
inch in diameter on plastic 
forms. No markings are visi¬ 
ble on Li, but it's wound 
with very fine enameled 
copper wire with a winding 
length of about % inch and 
is center-tapped. The two 
coils on L2/L3 have fewer 
turns and slightly thicker 
enameled copper wire with 
the winding interlaced; they 
were originally soldered to¬ 


gether at a pin on the coil's 
base, making a center-tap, 
but to isolate the windings I 
resoldered one lead to an 
unused pin, L2/3 has the 
code number TLS-51003.2 
063V printed on its base. 
The distance between Li 
and L2/L3 is about 2 inches, 
but this could be varied. 

Both sections of the cir¬ 
cuit were built into a plastic 
box—metal might work bet¬ 
ter. External input jacks 
were provided for connect¬ 
ing the antenna and ground. 
I found out that the receiver 
actually works better with¬ 
out the ground, however. 
The circuit is powered by an 
ordinary 9-volt transistor 
battery, and the oscillator 
was left in the sardine can 
when it was put in the 
plastic box. Most of the 
parts were recycled from 
old TVs and radios ■ 



Fig 3. A simple shortwave receiver. For more fun, use inter¬ 
changeable plug-in coils. 






Qircuits _ 

Do you have a technique, modification, or easy-to-duplicate cir¬ 
cuit that your fellow readers might be interested in? If so, send us a 
concise description of it funder two pages, double spaced) and in¬ 
clude a clear diagram or schematic if needed. 

In exchange for these technical gems, 73 offers you a one-year 
subscription (or extension), to be sent upon publication. Submit your 
idea to: Circuits, Editorial Offices, 73 Magazine, Peterborough NH 
03458. Submissions not selected tor publication will be returned if 
an SASE is enclosed. 



Fig. 1. Block diagram. 




dard 10-kHz steps of a CB-to-1O-meter conversion. Parts on the 
schematic are numbered according to the Tedelex 6000 or 7000, but 
other sets such as the Midland 19891 and similar GE rigs have also 
been successfully modified. Adjust the two new trimmers so that 
the rig now receives and transmits 5 kHz higher on all three modes. 
The three new transistors can be any silicon NPN types. —Shawn 
Barris ZR1EV, Cape Town, South Africa. 



TWO-WAY LED: Here's a little bridge circuit that allows a front-panel 
LED to glow red or green from a switched positive voltage. Normally 
you would have to reverse the polarity across the LED, but this cir¬ 
cuit does it for you. If your switched voltages are negative with re¬ 
spect to ground, simply reverse the diodes— Ron Johnson WA5RON, 
Austin TX. 



COMPUTER-TO-RIG INTERFACE: I needed a circuit to allow my VIC- 
20!AIR-1 to key an FT707. which requires a set of closed contacts 
such as a straight key. The keying output of the AIR-1 is 0-0.6 V dc, 
which drives one quarter of an LM-324 op amp. The 13-V output of 
the LM-324 activates a CMOS switch, keying the rig. The four CMOS 
switch contacts are wired in parallel to reduce the "on" 
resistance— Dave Ball WA4PQD, Barrington NH. 




TWO-WAY EDGE DETECTION: When you need an edge-detector for 
a positive- or a negative-going change and don’t want to use a one- 
shot, try this circuit. Using NAND gates will yield a single LOW pulse 
when the input goes from LOW to HIGH. Using NOR gates, a single 
HIGH pulse is generated when the input switches from HIGH to 
LOW. Any odd number of gates can be used in the delay leg feeding 
the final gate. The more delay gates used, the longer the output 
pulse.— Paul Selwa N9CZK, Brownsburg IN. 


4-BIT TRANSPARENT LATCH: A 
fast, reliable, 4-bit transparent 
latch can be made from the 
74157 series of data selectors. 

The latch is formed by connect¬ 
ing the outputs to their respec¬ 
tive "A" inputs and applying 
data to the "B" inputs. While the 
select input is high (logic U the 
“B" input data appears on the 
outputs and on the "A" inputs. 

When the select input is switched 
low (logic 0), the output data is 
held via the "A" inputs until the scheme will not work due to the 
select line again goes high. If switching delays within the 1C. 
the connections to the "A" and —Paul Selwa N9CZK, Browns- 
“B" inputs are reversed, this burg IN. 
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FAST CHARGER 


for Kenwood TH21, TH31, TH41 
HANDHELD 

2-METER TRANSCEIVERS 



$44.es 


Features: 

• Charges in 15 minutes 

• Constant Current 

• Automatic Voltage cut-off 

• Battery doesn’t heat-up 

• 12v-14vdc input. 

• Charge from any point in discharge cycle 
without developing “memory” 

• Proven in daily use 


Please add *3 for Shipping and Handling. Call for COD 
Information. Florida Residents Please Add 5% Sales Tax 
To All Orders. 


Charge-Rite 

F.O. Box 17015 
Plantation, Florida 33318 
305-475-0545 












































































































































































































































































































































































ETTERS 


STRAIGHT TALK 




























































ONTESTS 


Robert Baker WB2GFE 
15 Windsor Dr. 

Atco NJ 08004 

SARTG WORLDWIDE 
RTTY CONTEST 
0000 to 0800 UTC August 17 
1600 to 2400 UTC August 17 
0800 to 1600 UTC August 18 


CALENDAR 


SARTO Worldwide RTTY Contest 
New Jersey QSO Party 

Spec-Corn North American UHF FSTV Contest 
ARRL VHF QSO Party 
Washington QSO Party 

ARRL QSO Party—CW 
Illinois QSO Party 
Rio CW DX Contest 
ARRL OSO Party—Phone 


Jamboree On The Air 
ARRL Sweepstakes—CW 
ARRL Sweepstakes—Phone 


































































THE ANSWERS 


>—True To minimize lead inductance. 
>—False Bluish-green glow. 

positively. 


41-60 points—You're get 

61-100 points—You’re a T 





ixTiaauiW-^. <sS5M 


Control your TVRO, VCR, or CABLE 
TV from Any Room! 

Works on most infrared controlled devices. 
Immediate Shipping - Wholesale & Retail 
MERRIMAC nnn inn non 1 

satellite 608493-2291 
£ 


should the co-ax cable be damaged The large surface area capacitance disc provides proper 
ground plane coupling for 1/4 and 518 wavelength VHF and UHF antennas. 

MODELS AVAILABLE WITH THE FOLLOWING CONNECTORS & CO-AX TYPES. 

ANTENNA CONNECTORS: BNC, TNC, 1 1/8' (MOT.), 5/16-24 STUD, 3/8-24 SOCKET. 

CO-AX CABLE: RG-122/U, RG-58A/U, mini 8X. 

TRANSCEIVER CONNECTORS: BNC, TNC, PL-259, type N. 




RF PRODUCTS 

J. Rockledge. FLi 


A. (305) 631-0775 


The Problem Solver... 


The RF Wattmeter Motel 81000-A from Coaxial Dynamics, Inc. 
tees more than provide accurate rt measurements. Testing of 
transmission lines, antennas, connectors, fitters aid related 
components can reveal unknown problems and assure 
optimum equipment performance. 

The 81000-AK Wattkit features this easy-to-read RF 
Wattmeter (pictured here), with its optional carrying case and 
an array of elements and 
accessories. Coaxial 
Dynamics elements can be 
purchased separately tor 
use in other manufac¬ 
turer’s Wattmeters. For 
more information on the 
81000-A Wattmeter or any 
of the complete line of 
Coaxial Dynamics RF 
products and OEM com¬ 
ponents please contact 
Coaxial Dynamics, Inc, 




SPECIAL ELEMENTS 
AVAILABLE FOR 
CELLULAR RADIO 


COAXIAL 
DYNAMICS,TNC. 

15210 Industrial Partway, Cleveland OH 44135 • (21S) 267 2233 
Outside Ohio, WATS: (800) Coaxial, Telex: 980-630 
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73 International 


Each month, 73 brings you 
ham-radio news from around the 
world. In this collection ot re¬ 
ports from our foreign correspon¬ 
dents, we present the latest 
news in DX, contests, and events, 
as well as keep you abreast of 
the technical achievements ol 
hams in other countries. 

It you would like to contribute 
to your country’s column, write 
to your country's correspondent 
or to 73 Magazine, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Perry Donham KWIO. 



SPECIAL HIGH-SPEED 
AMATEUR MORSE TESTS 
Our DOC will now provide high-speed 
Morse tests as a permanent service to the 


ateur Morse examinations. The exception 

tio will be as described in the ITU Radio 
Regulations. A pass will be awarded to 
candidates who achieve 10 or fewer errors 
In receiving, as well as 5 or fewer errors in 



SCHOOL BOOK PACKS 



ing how amateur radio spans the globe. 



BRAZIL 


PO Box 12178 Copacabana 
20000 Rio cte Janeiro, RJ 
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most other magazines I receive i and write lor) 
only get cursory examination 

— Fred Blechman. K6U 
U S A SIS 00 lor 1 y 

Mexico. Canada S2! 

Foreign S35 OOilandt S55.00(ai>l 

Permanent (U S Subscription) 

Sample Copy 

^ CHET LAMBERT. W4WDR 


PiGO? 

If you’ve even 

THOUGHT /|^^^>/ 
about buying /^H‘ ^ 
a laptop com- 

puter, check out P/CO—The^ 
Briefcase Computer Report, 

. Wayne Green’s 

r j§ newest publication: 

PICO, WGE Center/ 
74 Rte. 202N, Peter- 
m borough, NH 03458. 



ONLY ONE ANTENNA\* / 
ROTATION SYSTEMJS\ 
TRULY COMPLETED \ 
SIMPLE TO INSTALL: THE V 

DR10\ ta DR10 Du^Axis Rotor System'S) 
offers a cotnpact A^muth/Elevation system 
with a singleSpeJrol unit; single, eight-wire 
control cabla irtttfc,onnect*; and will eas¬ 
ily handj^a 5&f paltftd balanced antenna 
arrayed up to 8 street of wind load. 

One^Rotor, 

/One Controller, 

/ One Installation 



A New Concept in Drive Systems 

KINETIC S/STEMb 

19128 Industrial Blvd. Elk River, MN 55330 (USA) 


Dealer Inquiries Invited 

612 - 441-4303 


You Buy, Say 7i 
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David Smith N1BBD secures 
a 20m beam during the 
K1XR 1985 Reid Day effort 
Photo by Frank Cordelle, 
Bennington. New Hampshire. 
Above (I to r): Craig Clark N1ACH. 
Lenny Goodnow WA1UNN. and 
David Smith N1BBD. 


4 What? 

7 QRX 

65 Barter ’N’ Buy 
65 Special Event* 

69, 77 Ham Help 
70 RTTY Loop 

70 Fun! 

71 Be My Guest—Crisis 

71 Letters 

72 Satellites 

73 Be My Guest—ARRL 

74 New Products 
76 Review 

83 Contests 
86 73 International 
92 Above and Beyond 
94 Dealer Directory 

94 Propagation 

95 list of Advertisers 


12 Again, the CCD 

The continuing story of ham radio's most amazing antenna.KC8BN/7 

17 The Downunda Project: Part II 

How to assemble and align the DSE 2m transceiver described last month. 


.Simpson 

26 Fighting Fire With Wire 

If 15m is hot and your antenna's not. try the V-bomb array.W6TYH 

30 Brew a Coffee Ground Plane 

No cream, no sugar—just a 440 antenna that really percolates.WA20VG 

32 Tallin’ It to the Streets—Part I 

Work the world from your HT! Crossbanding expert WA6AXX explores the how-to 
of remote and auxiliary operation.WA6AXX 

38 Build the Broadband Bow Tie 

It's every ham's dream: An 80m antenna with a flat swr of 1.5:1 from 3.5 to 4.0 
MHz. And it couldn't be simpler.WD9ELG 

40 Don’t Fall for Swr Fraud 

Your feedline may be swindling you. Find out how much power you are losing 
and how to stop it.W1GV 

42 Whip the Competition 


Improve your 2m HT's "mileage" with this custom antenna from Datsunl 
. N3DRW 

44 Exponential Potential 

The problem: A broadband antenna fed with coax exhibits narrowband re¬ 
sponse. The solution: Use this exponential-line matching system.W6TYH 

50 Wheatstones Are Not Crackers! 

Here's the slickest application of the Wheatstone circuit yet devised. The Nuller 
Bridge is the only instrument you'll need to adjust your antenna matching unit 
to peak performance.K4KI 

54 A New Angle for Dipoles 

Stand them on end! Sounds odd. but W1GV presents an excellent case for HF 
vertical dipoles.W1GV 

58 Six for Two 

Get range-tested 12-dB gain for under $5! K.C. Jones engineered this 2m delta 
beam for maximum bang per buck.KA8RCJ 

62 Dr. Frankenstein’s CB Beam 

Ravage the countryside with ten-meter rf! Create your antenna with refuse from 
the Citizen's Band graveyard.KA3JOM 
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Gary Rennie KC8BN/7 
9124 E. Clencove 
Mesa AZ 85207 



and it is quiet on receive 
compared to a regular half¬ 
wave inverted vee at the 
same altitude. 

I have no way to deter¬ 
mine the radiation angles 
other than to accept what 
W4FD and W4ATE wrote in 
their articles. The darn thing 
works! The CCD compares 
equally with my home-brew 
half-wave dipoles on re¬ 
ceived signal strength but is 
superior when receiving 
weak signals and signals 
with QSB. I am amazed, in 
that I must be radiating a 
mix of both high- and low- 
angle signals. 

My construction was 
quite simple. I used about 
423 feet of #14 insulated 
house-wire stock for the wire 
sections. I fed it in the center 
and constructed the center 
insulator out of a junk 3/8"- 
thick hunk of schedule-40 
PVC plumbing clamp. One 
could use probably any 
strong plastic just so it can 
support the weight and the 
pull of the elements and the 
feedline. The feedline was 
70 feet of the best 300-Ohm 
TV twinlead Radio Shack 
has (with the foam dielec¬ 
tric). Not having an ampli¬ 
fier, this would work fine 
and is easier to mount than 
open-wire line. The TV twin- 
lead with 100 Watts out can 
handle any mismatches with 
use of an antenna tuner and 
be reasonable in terms of 
losses. 

The insulators for the ca¬ 
pacitor/resistor networks 
were 1-1/2 "-long sections of 
3/4"-diameter PVC pipe (see 
Fig. 1). After construction, 
these insulators were filled 
with clear CE silicone caulk 
to encapsulate the compo¬ 
nents for weather protec¬ 
tion. Locating the silver- 
mica caps was the longest 
project. I found prices as 
high as $1.25 each to 12<p 
each. It pays to shop! The 
voltage ratings of my caps 


So again (see Fig. 2), the 
80-meter element has 46 
750-pF caps, 46 47k-Ohm, 1- 
Watt resistors, and 48 wire 
sections each 70 inches 
long. The 40-meter element 
has 46 390-pF caps, 46 47k- 
Ohm, 1-Watt resistors, and 
48 wire sections each 35 
inches long. Actually, the 
last wire sections of the 40- 
meter element are 50% 
longer to help with the cur¬ 
rent flow out to the tip. The 
80-meter element I con¬ 
structed has 36"-diameter 
hats for the ends to serve the 
same purpose. The hats and/ 
or the extended last sections 
are not really needed for op¬ 
eration, but the authors of 
the articles do say they will 
improve the performance of 
the CCD antenna. 

The installation was the 
fun part (see Fig. 3). I have a 
27-foot push-up mast 
mounted on my house. My 
backyard has a 6-foot chain- 
link fence around it, so I 


Fig. 2. The 80/40 CCD schematic. 


clamped the three 10-foot 
mast pipes to it. With the 
total mounting area being 
about 80' x 64', I had to be 
creative! 

It ended up like the draw¬ 
ing. Two thirds of the full- 
wave 80-meter CCD is 10 
feet off the ground and only 
3 to 4 feet from the metal 
fence! Yet I worked VKs and 
ZLs on 80 (with the band 
open)! The 40-meter ele¬ 
ment just inches under the 
80-meter element was luck¬ 
ier. I'd say about 60% of it is 
up between 10 and 27 feet 
(somewhat like a conven¬ 
tional inverted vee). 

Most people I contact 
who are interested in the 
CCD antenna say they do 
not have the room. Phooey! 
I would say my city-size lot 
is average for urban dwell¬ 
ers, and the neat thing about 
the CCD antenna is that it is 
unbelievably tolerant of 
your creativity! (Now to get 


the neighbors and XYL toler- 
ant-HI, HI!) 

An added plus with the 
general-coverage feature of 
myTS-430S, like many of the 
newer rigs, the CCD setup I 
use works excellently on 
those other bands for re¬ 
ceive. Remember we have 
here a very broad high-pass 
filter of an antenna, with ex¬ 
tended aperture. 

To build a CCD takes 
some soldering time, accu¬ 
rate measurement, and 
thought about designing in¬ 
sulators and mounting. Do 
not be afraid even to wrap 
the thing around your house, 
like going under a roof over¬ 
hang, if you are in a "no an¬ 
tennas" area. The thing will 
work! It just totally reverses 
what we learned about the 
half-wave dipole. No high 
supports? Again give the 
CCD a try and you'll be 
amazed and on the air. You 
may end up like me and find 
it everywhere! ■ 





Leo Simpson 
140 loynton Avenue 
PO Box 227 
Waterloo NSW 2017 


The Downunda Project: Part II 

How to assemble and align the DSE 
2m transceiver described last month. 


Editor’s note: Part I ol this article appeared in the August, 1985, issue ol 73. Reprinted with permission from Electronics Australia. 


W hile the circuit of 
the new VHF trans¬ 
ceiver is relatively complex, 
its construction is reason¬ 
ably simple and does not re¬ 
quire any special assembly 
techniques. A soldering iron 
and a screwdriver are vir¬ 
tually all you need. Make 
sure the iron has a small 
chisel-shaped bit for quick 
and effective soldering. 

Most of the circuit com¬ 
ponents, with the exception 
of front-panel and rear-panel 
hardware, are accommo¬ 
dated on a single-sided 
printed circuit board (PCB) 
measuring 162 x 199 mm 
and coded with the Dick 
Smith Electronics type num¬ 
ber ZA1687 The front and 
rear panels are also made 
from PCB copper laminate 
and are soldered at right an¬ 
gles to the main PCB. 

The whole PCB assembly 
fits (and that is the operative 
word) into a specially de¬ 
signed ABS case which has 
two interlocking halves se¬ 
cured by four screws. It is a 
neat and effective assembly. 

As can be seen from the 
photo, the front panel has 
white silk-screened labeling 
on a black background. This 
is combined with an attrac¬ 
tive set of knobs and other 
hardware plus a backlit sig- 
nal/power meter to produce 
a professional-looking trans¬ 
ceiver. 

Construction Aids 

All purchasers of this 


transceiver kit will receive a 
detailed assembly manual 
which describes construc¬ 
tion on a step-by-step basis. 
The parts layout diagram 
comes complete with a grid 
pattern and you simply in¬ 
sert each part in turn at the 
grid location and cross it off 
the parts list. 

In addition, the main PCB 
will be supplied with a 
screen-printed overlay as 
seen in Fig. 2. The copper 
side of the board also has a 
solder mask to reduce the 
possibility of solder bridges. 

Board Preparation 

Before actually mounting 
any of the components, a 
certain amount of work on 
the PCB is necessary The 
first job is to remove a 3-mrn 
strip of solder mask from the 
ground pattern at either end 
of the PCB. This is best done 
by masking off each 3-mm 
strip with masking tape and 
then removing the solder 
mask using a cotton ball 


dipped in nail polish re¬ 
mover. 

Alternatively, the solder 
mask can be scraped off us¬ 
ing a sharp utility knife. 

Constructors should also 
inspect the board very 
closely to see if the solder 
mask has encroached onto 
any of the mounting holes of 
the components. Check also 
that all component holes 
have in fact been drilled and 
that there is no evidence of 
bridging in the copper pat¬ 
tern. None of these faults 
may in fact be present, but it 
is better to spot them now 
rather than try to find them 
when most of the soldering is 
complete. 

It may also be necessary 
to slightly enlarge the 
mounting hole for power 
transistor Q22, This transis¬ 
tor is mounted and soldered 
on the underside of the PCB 
and secured by a stud which 
passes through the board, 

Q22 requires a clearance 


hole of 10 mm so that its 
seating plane can pass right 
through the PCB and butt up 
to the aluminum heat sink. 
More on that later. 

PCB Assembly 

We are now ready to com¬ 
mence assembly of the PCB. 
Begin by installing the PC 
stakes and wire links. The 
wiring diagram (Fig. 3) indi¬ 
cates where most are re¬ 
quired. Additionally, four PC 
pins are required as a foun¬ 
dation for the oscillator en¬ 
closure and as locating 
points for the front and rear 
panels. 

The four PC pins for the 
oscillator enclosure and 
ground pin for Q21 should 
be fitted from the copper 
side of the PCB so that the 
longest end is through the 
PCB. 

The use of PC pins for the 
external wiring is optional 
but we recommend it. PC 
stakes make it so much eas¬ 
ier to disconnect and recon¬ 
nect wires if that becomes 
necessary. 

There are 13 wire links on 
the PCB and all except one 
of these are labeled "LK" on 
the overlay diagram. The ex¬ 
ception is near Cl 58. This 
one is shown but not labeled 
on the diagram. In addition, 
note that one of the links 
should be insulated (near 
D33). 

With the job of installing 
the PC stakes and wire links 
• September, 1985 17 
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Fig. 1. Circuit board, foil side. 


complete, there is now the at very high frequencies, any around 1 mm. It is a good idea Little comment is required 
longer task of installing all long component pigtails will to install these vertical resis- with regard to mounting the 

the resistors and capacitors. act as unwanted inductors tors with the color code run- capacitors except that you 

and play havoc with the per- ning down the body. It is must use the capacitor type 

Keep Those Leads Short formance. easier to check the resistor specified. There are no ifs or 

The most important point Quite a few of the resis- values in this way. buts here. Do not inter- 

to remember when installing tors have to be stood "on R111 (100k 0) should not change green caps (i.e , met- 

all these small components end" to fit them in When be installed before FL3 and allized polyester) for 

is that the pigtails should be this is done the clearance be- Q8 are inserted and sol ceramics or tantalums for 

kept as small as possible Be- tween the end of the resistor dered. It loops over these normal electrolytics (or vice 

cause the circuit is working body and the PCB should be two components. versa) 

18 73 for Radio Amateurs • September, 1985 




































Fig. 2. Parts placement guide. 


C169 is a couple of light- 
duty insulated wires twisted 
together. The amount of 
twist is adjusted (sounds very 
precise, doesn't it?) during 
the calibration procedure. 

Semiconductors 

The semiconductor com¬ 
plement is 33 diodes, 30 tran¬ 
sistors. and seven integrated 


circuits. With the total of 70, 
it might seem a lot, but don't 
hurry the task to get through 
it quickly. 

Mount the diodes first and 
again the pigtails should be 
kept as short as possible. 
Take particular care with the 
diodes that are mounted "on 
end " Make sure that the po¬ 
larity is correct. Remember 


that once you have soldered 
and clipped the leads you 
will not be able to reuse the 
diode if you find it has been 
installed the wrong way 
around. 

Pay particular attention 
when installing diodes D22, 
D23, D24, and D25. The 
cathode end of these diodes 
is indicated by the red band. 


The yellow and orange 
bands make up the code 
which indicates the diodes' 
type number. 

D14 is installed with cath¬ 
ode end up and anode to 
PCB ground. It is part of the 
pickup (including "gim¬ 


mick" capacitor C169) for 
the meter circuit 
73 for Radio Ariateurs • September. 1985 19 






























Care is also required when 
mounting the transistors to 
ensure correct lead orienta¬ 
tion. Double-check each 
transistor against the circuit 
diagram before soldering it 
into the circuit. All the small- 
signal plastic-pack transistors 
plus the metal-encapsulated 
TO-18 types (Q6, Q7, Q17, 
Q25) should be mounted so 
that the transistor bodies are 
about 3 mm above the sur¬ 
face of the PCB 

In practice, this simply in¬ 
volves pushing the transis¬ 
tors down onto the board as 
far as they will go without 
placing undue strain on the 
leads (and on your finger¬ 
tips). 

The TO-39 metal-package 
transistors, Q20 and Q21, are 
mounted flat against the 
PCB. The metal case of Q21 
must also be grounded by 
soldering it to a PC pin which 
should already have been in¬ 
stalled Clip-on heat sinks 
are also fitted to Q20 and 
Q21 

As already mentioned at 
the start, Q22 is mounted on 
the copper side of the PCB 
It has four brass tabs which 
are soldered directly to the 
PCB copper pattern. Make 
20 73 for Radio Amateurs 


sure it is correctly oriented 
before soldering. 

The integrated circuits re¬ 
quire little comment apart 
from the two that are CMOS. 
These are IC2 and IC3. the 
4560 decimal address. These 
should be soldered while the 
iron has its barrel connected 
to the PCB ground pattern 
via a jumper lead. Solder 
pins 16 and 8 of IC2 and IC3 
first, and then the remaining 
pins. 

Inductors 

By now you are ready to 
begin installing the various rf 
transformers and coils. Ten 
of these have to be wound 
by you, the constructor. The 
necessary details of these 
are shown in Table 1. The 
main points to watch here 
are that you must use the 
correct gauge of wire for 
each coil and that the coils 
are wound exactly to speci¬ 
fication. 

Note that the hairpin coils, 
L21 and L24, must be dimen¬ 
sioned exactly as called for 
in the table 

Coils L8 and L11 are sup¬ 
plied already wound and 
must be installed the right 
way around. If you closely 
examine the red plastic form 


for each coil you will notice 
that one side of the form has 
a long vertical rib while the 
other has a short vertical rib. 
In the case of L8, the long rib 
should be adjacent to L6. In 
the case of L11, the long rib 
should be closest to Q1, the 
BD140. 

Assembly of the main PCB 
can now be completed by in¬ 
stalling the filters, the four 
crystals, and the preset pots. 

Finally, it is necessary to 
shield the vco to prevent 
spurious radiation into adja¬ 
cent circuitry. Supplied with 
each kit is a strip of double¬ 
sided PCB laminate which 
should be cut into four 28- 
mm lengths. The four strips 
are then soldered to the PC 
pins at the corners of the vco 
circuit. 

Final Assembly 

Attention can now be 
turned to the front and rear 
panels. These are supplied 
with the necessary cutouts 
for all the hardware, and as¬ 
sembly is really very straight¬ 
forward. For example, the 
frequency-selector switch 
just clicks into place and has 
its own built-in retaining sys¬ 
tem. 

Leave the heat-sink assem¬ 


bly and meter off at this 
stage. Note that R37 (470 0) 
is strung between the outside 
lugs of the volume and 
squelch pots, as depicted in 
the wiring diagram. 

With the hardware fitted, 
slip the front and rear panels 
into their respective mount¬ 
ing slots in the case and 
mount the main PCB using 
the four self-tapping screws 
provided. The PC pins at the 
front and rear of the main 
PCB are now soldered to the 
end panels and the case fully 
assembled to make sure that 
everything fits. 

Adjust the PCB assembly 
as necessary, then remove it 
from the case and run a se¬ 
ries of solder fillets between 
the ground pattern of the 
main PCB and the end 
panels. This provides 
strength and rigidity. 

With this done, the rest of 
the assembly can be com¬ 
pleted. Install the heat-sink 
assembly for Q22, which is 
composed of a short channel 
extrusion and a single-sided 
heat sink for the rear panel 
These are secured using 
screws and nuts supplied 
with the kit Finally, com¬ 
plete the wiring according to 
Fig. 3. 
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Alignment 

This is quite a straightfor¬ 
ward process, although you 
do need access to some test 
equipment: (1) a digital mul¬ 
timeter, (2) a dummy load, 
e g., DSE cat. D-7027, (3) a 5- 
MHz (or better)oscilloscope, 
and (4) a digital frequency 
meter. 

Initial Settings 

1. Set the core of LI 8 
flush with the top of the can. 

2. Set the core of L9 two 
turns down from the top of 
the can. 

3 Set the core of L10 one 
turn down from the top of 
the can 

4. Set the slugs of coils L8 
and L11 one turn down from 
the top of the form. 

5. Set VR68 to '/. clock¬ 
wise rotation. 

Voltage Checks 

Connect the transceiver to 
a 13.8-V-dc power supply 
and make the following volt¬ 
age checks: 

1. Without switching on 
the unit, check that the input 
voltage is 13.8 V dc. This 
voltage can easily be mea¬ 
sured between the switch 
contact on the volume con¬ 
trol and ground. 

2. Switch on (without mi¬ 
crophone connected)and 
check for +10 V dc at the 
collector of Q1 (allowable 
tolerance 0.5 V). 

3. Check for +10Vdcat 
the emitter of Q4 (allowable 
tolerance 0.5 V). 

Synthesizer Alignment 

1. Check TP1 (Test Point 
1) for 10-kHz clock fre¬ 
quency at 6 V p-p (approx ). 
Measurement for TP1 can be 
easily taken from under the 
PCB at pin 7 of IC6. 

2. Check TP2 (output 
from L18 offset oscillator) 
for rf output. Use a sensitive 
rf probe or test probe as de¬ 
picted in the inset in Table 1. 

3. With oscilloscope on 
TP4 (mix-down frequency), 
located at 106, and the dc 
meter with the positive 
probe to TP3, adjust L8 (vco 
coil) for 2.5-2.7 V at 144 
MHz. 



Table 1. Coil construction details. 


4. TP4 should show a sig¬ 
nal of 600 kHz at approxi¬ 
mately 2 V p-p (simplex— 
144 MHz), (Minimum level 
of 1 V p-p and maximum 
level of 2 V p-p nominal.) 

5. Adjust LI 8 (offset oscil¬ 
lator) for maximum ampli¬ 
tude at TP4. 

6. Select 147 MHz. The 
dc volts at TP3 should in¬ 
crease to approximately 5 to 
6 volts. The oscilloscope on 
TP4 will show a level greater 
than 1 V p-p at 3.6 MHz. 

7. Select 146 MHz (sim¬ 
plex) Connect a dummy 
load to the output. The dc 
volts at TP3 should be 4-4.5 
volts. Now press the PTT but¬ 
ton for a short period and ad¬ 
just VR68 for 4-4.5 volts as 
measured above. 

Receiver Alignment 

1. With no signal input. 


adjust L7 for maximum noise 
in speaker. 

2. With suitable signal 
source (i.e., signal generator 
or a hand-held transceiver 
held near a radio, etc.), ad¬ 
just L2, L3, L4, L5, and L6 for 
maximum reading on the sig¬ 
nal meter, reducing input as 
required to obtain half-scale 
reading. This should be per¬ 
formed at 146 MHz (center 
band). Your local repeater, 
slow Morse beacon, or prop¬ 
agation beacon can be used. 

3. With a known input 
frequency, adjust L6 and L7 
for best sound (best audio 
quality). 

4. With an accurate input 
frequency of 146.005 MHz 
and the +5-kHz switch on, 
adjust LI 4 for best audio 
quality. (A separate 2-meter 
transceiver using a dummy 
load and in close proximity 
can be used.) 
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5. With an accurate input 
frequency of 146.000 MHz, 
change the switch from + 5 
kHz to normal and adjust 
LI 5 (receiver frequency ad¬ 
justment) for best audio 
quality. Please note that the 
+ 5 kHz must be adjusted 
first, and then the normal fre- 
quency, as these adjust¬ 
ments will interact. 

6. Atthis point, with a cal¬ 
ibrated signal, the sensitivity 
of the receiver should be bet¬ 
ter than 0.5 /iV for 12 dB 
Sinad. 

If minor receiver instabil¬ 
ity is experienced, change 
R12 from 10k A to 12k Q This 
is due to the variation in gain 
of the rf amplifier, Q6. 

T ransmitter Alignment 

1. Align at 144 MHz sim¬ 
plex. 

2. With a suitable load 
and frequency counter con¬ 
nected to the output socket, 
press the PTT button and 
monitor the input current. Rf 
output should be available. 

3. At 144 MHz simplex, 
adjust L9 for maximum rf 
output Note that this is a 
critical adjustment; once ad¬ 
justed, do not alter it. 

4 Then adjust L10 and 
L11 for maximum rf output 
(still at 144 MHz simplex). 

5. At this point, the rf out¬ 
put should exceed 10 Watts 

Approximate current 
drain is 1.9 A at 10 W and 2.2 
A at 15 W. 

6. Now select 147 MHz 
and press PTT. Rf output 
should be the same as that in 
step 5, and no adjustment is 
required. (No tuning is re¬ 
quired due to the broadband 
power amplifier.) 

Transmitter Frequency 

1. Set normal/+ 5-kHz 
switch to the + 5-kHz posi¬ 
tion. Set frequency to 146 
MHz, then press PTT, mak¬ 
ing certain that both fre¬ 
quency counter and dummy 
load are connected to the 
output. Then adjust LI 6 for 
146.005 MHz. 

2. Switch the normal/ + 5- 
kHz switch to the normal po¬ 
sition and adjust for correct 








frequency (i.e , 146 000 
MHz). 

Transceiver Modulation 

1. With a suitable modu¬ 
lation meter or monitor re¬ 
ceiver, adjust VR61 for 
5-kHz peak deviation The 
setting for 5-kHz peak devia¬ 
tion should be approximate¬ 
ly % rotation of VR61. 

This should be adjusted at 
146 MHz simplex (center of 
band range). 

2. Adjustment of twist ca¬ 
pacitor C169: With dummy 
load connected to output, 
press PTT and adjust Cl 69 
by tightening or loosening 
turns to achieve 90% FSDon 
the signal/power meter in the 
transceiver. 

Waxing the Vco 

Once the alignment has 
been completed, the vco en¬ 
closure can be filled with 
wax to ensure mechanical 
stability and prevent micro- 
phonics. The procedure is as 
follows: 

1. With 144 MHz se¬ 


lected, check voltage at TP3. 
Note this reading. 

2. Using your soldering 
iron, melt a liberal coating of 
transformer wax (supplied) 
onto the various compo¬ 
nents in the vco but do not 
cover coil L8 at this stage 

3. When cool, readjust L8 
for the voltage reading pre¬ 
viously noted, then use the 
transformer wax to seal L8. 

In some cases, where high 
ambient noise forces the use 
of high volume from the in¬ 
ternal speaker, microphon¬ 
ics may still occur despite 
the shield and the wax. If this 
occurs, the best way around 
the problem is to use an ex¬ 
ternal speaker. 

Construction of the VHF 
transceiver is now com¬ 
pleted.! 


A complete kit Is avail¬ 
able tor $149 plus post¬ 
age and handling from 
Dick Smith Electronics, 
PO Box 2249, Redwood 
City CA 94063. 
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Harry D. Hooton W6TYH 
1420 Shamrock Lane 
Lincoln CA 95648 


Fighting Fire With Wire 

If 15m is hot and your antenna's not, try the V-bomb array. 


T oday, the propagation 
on the high-frequency 
amateur bands —particu¬ 
larly the 15-meter band —is 
wild, to say the least. Exclud¬ 
ing the WWII years, I have 
been on the air continuously 
for over 56 years and have 
never experienced such er¬ 
ratic and unpredictable 
propagation conditions as 
those occurring at this time. 
Nevertheless, the contacts, 
brief as most of them are, 
can be very interesting and 
exciting. This article is ad¬ 
dressed especially to those 


hams who have joined the 
ranks over the past few 
years and may not be very 
familiar with the vagaries of 
HF-band radio propagation 
as we pass through the peri¬ 
odic sunspot minimum. 

The newer ham should 
make himself familiar with 
the normal action of the 
various ionospheric layers 
involved in sky-wave propa¬ 
gation of radio shortwaves. 
The wild propagation preva¬ 
lent on the 15-meter band at 
this time is probably due to 
sporadic-E refraction In 


case you are not familiar 
with this term, it refers to 
patches of relatively in¬ 
tense ionization —ionized 
"clouds" of varying intensi¬ 
ty and size, moving, appear¬ 
ing, and disappearing at 
random. 

At times, the intensity of 
ionization in a sporadic-E 
patch is much higher than 
that of the normal E layer. 
When this happens, the ra¬ 
dio wave is refracted from 
the electrical cloud and the 
signals, usually at a distance 
of 1200 to 1500 miles, are for 
a short time in the "dB over 
nine" category. Because the 
cloud is moving, often rap¬ 
idly, the exceptionally 
strong signal can in a matter 
of minutes (or seconds) drop 
to a very low value or com¬ 
pletely disappear. When the 
station that you are working 
suddenly goes out like a 
light, the chances are that 
the propagation is due to 
sporadic-E conditions. 

To be most effective for 
long-distance (DX) commu¬ 
nication during periods of 
sunspot minimum, the angle 
at which the incident radio 
wave approaches the iono¬ 
sphere must be low. When 
the angle of the incident 
wave is lowered to approxi¬ 
mately horizon-range condi¬ 
tions, the critical frequency 
is about twice that obtained 
at 90 degrees. 

The critical frequency 
varies with the ionization 
density of the ionospheric 
layers. At this time, most of 
the DX contacts will be 
made by amateurs who not 


only have selected the 
proper antenna, but also, 
through their knowledge of 
propagation characteristics, 
will be able to take advan¬ 
tage of favorable conditions 
as they occur. How can we 
lower the angle of the inci¬ 
dent wave? How can we in¬ 
crease the effective DX gain 
of the popular simple ar¬ 
rays? 

High-Gain Design 

Most radio amateurs to¬ 
day use factory-built multi¬ 
band rotary beam antennas 
placed on the top of high 
towers, often at great 
heights. After 56 years of 
ham radio, I am often 
amused at the shock ex¬ 
pressed by the ham at the 
other end of the circuit 
when he is informed that the 
antenna at W6TYH is a wire 
beam fed with an open-wire 
transmission line. In the 
minds of most modern 
hams, wire antennas went 
out with Marconi. 

There is also a widespread 
belief that to construct a 
high-gain wire array one 
needs a space as large as the 
Sahara Desert. A short V 
beam (two wavelengths or 
so on a leg) will be effective 
for most DX work on 15 me¬ 
ters, but it is greatly im¬ 
proved by adding a pair of 
half-wave wings as shown in 
Fig. 1. 

I am afflicted with a ter¬ 
minal illness—a pulmonary 
condition that does not per¬ 
mit much physical activity. 
While in the hospital, 1 
passed the time toying with 
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the idea of installing a V- from the V with the added 
beam array stretched be- pair of half-wave radiators 
tween three large oak trees was S8 while that from the 
surrounding my ranch yagi was S6, Subsequent 
house. As soon as I was phys- tests with VK stations con¬ 
ically able, with the aid of a firmed that the new array 
couple of teenagers, pulleys was indeed producing a sig- 
and ropes were installed in nal in the South Pacific two 
the trees at about the 40- S points stronger than that 
foot level. Then the V beam from the yagi. 
was installed and performed It will be easier for the 

very well in the two direc- reader to follow if we de- 

tions along the bisector line, scribe the characteristics of 
However, it was desired to each section of the ultimate 

increase the gain of the ar- array as we go. The V beam 

ray and to lower the ra- with which we started has 

diated vertical angle of the two legs, each 91 feet. 4 
bi-directional pattern. Ob- inches long, as shown in Fig. 
viously, another V section 1 The correct apex angle for 
placed under the first one, a V with two-wavelength 
spaced from 3/8 to 1/2 wave- legs is approximately 70°. 
length (free space) would in- The distance across the 
crease the gain by 3 dB, but open end of theV is 104 feet, 
what about the vertical 9 inches. If we bisect the V 
angle? as indicated by the dashed 

At this time we got the l' ne ' n Fig- 1. divide the 
idea of adding a broadside triangle (V) into two parts, 
curtain and driving the two The angle between this bi¬ 
systems in phase. The first sector line and one leg 
idea was to hang the curtain equals one half of the apex 
section on the nylon rope angle or 35°. The 35° angle 
across the open end of the V. is called the tilt angle and is 
However, this would require important in the design of V, 
a very long feedline to the rhombic, and similar arrays, 
curtain and possibly a great According to standard pub- 
deal of experimental work lished data, a V beam with 
to make sure that the two two wavelengths on each 
systems were actually oper- leg will have a bi-directional 
ating in phase. Finally, we re- gain of about 4.5 dB over a 
alized that if the feedpoint dipole operating under the 
of the broadside section was same conditions of height 
connected in parallel with and power input, 
the feedpoint of the V array, jhe feedpoint at the apex 
the two sections, V and Q f the V is high impedance 
broadside, would be driven an d j s normally fed with a 
perfectly in phase (0° phase quarter-wave “universal" 
difference) and no tricky stub or a tuned open-wire 
phasing lines or adjustments |j ne . The tuned open-wire 
would be necessary. line used to feed the W6TYH 

After a great deal of dis- V is a half wavelength (22 
cussion with other hams, it feet) long at 21.3 MHz From 
was decided to add the two the tuned coupler circuit, a 
half-wave sections to the sin- 4:1 toroidal balun matches 
gle V section and try it out the 52-Ohm (RC-213/U) 
on the air. The standard of coaxial line to the transmit- 
comparison was the two-ele- ter. At the transmitter, a 
ment yagi array described coaxial relay is used to per- 
several times in 73 (see the mit instantaneous switching 
May, 1980, issue). The yagi of either the comparison 
has a forward gain of about yagi or the V-curtain array to 
5 dB and usually had a slight the transmitter and receiver, 
edge over the original V T h e two in-phase, half¬ 
beam when working VKs wa ve sections are stretched 
and ZLs. In a straight line, as shown in 

After adding the two half- Fig. 1, and connected to the 
wave sections, the signal V apex feedpoint. These two 



Fig. 2. Details of the stacked V beam with broadside curtain 
(lazy H). Both arrays operate in phase. 


wing sections are each at an When two V sections are 
angle of 55° with respect to stacked, without the broad- 
their adjacent legs and at side elements the bi-direc- 
90° with respect to the V bi- tional gain will be increased 
sector line. Since two half- to about 7 dB in each direc- 
wave (180°) linear radiators tion along the bisector. The 
operated in phase have a array normally is fed at test 
gain of about 2.8 dB over point A, as shown in Fig. 1. If 
that of a dipole, we may add one half of the phasing line 
this gain to that of the V (connected between the two 
beam. Thus, the 4.5-dB gain apex feedpoints) plus the 
of the V plus the 2.8 dB of open-wire feedline are equal 
the pair of half-wave radia- to one-half wavelength, as 
tors equals 7.3 dB. Just to be shown, a high impedance 
on the safe side, let's call it 6 will appear at the end of the 
dB. The effective DX gain open-wire line. The parallel- 
will be greater than the cal- resonant coupling circuit 
culated figures when addi- and the toroidal balun com- 
tional sections are added to plete the transmission-line 
the V and the linear radia- system between the array 
tors. and the transmitter. 
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Fig. 3. Radiation patterns of 
multi-element phased arrays. 


Now, if we add the four in- 
phase half-wave linear ele¬ 
ments to the V system as 
shown at test point A in Fig. 
1, we add about another 6 
dB of bi-directional gain to 
the system. Since both the V 
and curtain sections are 
driven in phase with each 
other, their respective ra¬ 
diated fields add and pro¬ 
duce a total bi-directional 
gain for the system of about 
lOtoll dB 

The exact gain over a di¬ 
pole is dependent upon sev¬ 
eral factors, but you can be 
assured that this is a hot an¬ 
tenna system, both transmit¬ 
ting and receiving. Signals 
from the South Pacific that 
produce an S-meter reading 
of 3 or 4 with the yagi usu¬ 
ally are past the S9 point 


when using the V-curtain ar¬ 
ray Because the stacked 
broadside curtain section 
tends to lower the vertical 
radiation angle of the sys¬ 
tem pattern, the effective 
DX gain of the system is 
greater than the total of the 
section gains. 

Alternative feed and 
phasing arrangements are 
shown at B and C in Fig. 2. In 
the arrangement at B, the 
stacking spacing must be 
equal to a half wavelength 
(free space), and the connec¬ 
tions to one feedpoint and 
the phasing line must be re¬ 
versed as shown. The open- 
wire line between the feed- 
point and the coupling cir¬ 
cuit must be a multiple of a 
half wavelength long. The 
open-wire line may be con¬ 
nected to the feedpoint of 
either the upper or lower V 
sections. 

Combination Array 
Adjustments 

The combination array, if 
built to the specifications 
given here, is virtually fool¬ 
proof and will give a good 
performance with the di¬ 
mensions shown in Figs. 1 
and 2. However, to hand- 
hone the array for maximum 
field intensity, proceed as 
follows. 

Resonating and match¬ 
ing: The feedpoints of the 
array proper and at the cou¬ 
pler end of the open-wire 
line are points of high 
impedance (rf voltage) The 
coupler consists of a 150-pF 
variable capacitor con¬ 


nected across a copper-tub¬ 
ing coil. The coil consists of 
5 turns of 1/4-inch copper 
tubing wound 2-1/2 inches in 
diameter and spaced to an 
overall length of about 4-1/2 
inches. The center point of 
the coil is grounded to the 
metal case of the toroidal 
balun and the coaxial-line 
outer conductor (shield). 
The balun output terminals 
are tapped about 1 to 1-1/4 
turns each side of the coil 
center tap. The balun taps 
are moved closer to or away 
from the coil center as re¬ 
quired during the adjust¬ 
ments. 

With the balun connected 
to the coil, set Cl at about 
half maximum capacitance. 
Connect an swr or ref lected- 
power meter in series with 
the balun input terminal, 
place the selector switch on 
forward (F) and turn the in¬ 
strument sensitivity control 
completely off. 

At the transmitter end of 
the 52-Ohm (RC-213/U or 
RG-8/U) coaxial line, apply 
about 5 Watts of rf power of 
the correct frequency. For 15 
meters, the array normally 
will be adjusted for 21.3 
MHz. Turn up the swr-meter 
sensitivity control until the 
indicator reads exactly full 
scale. 

Now, throw the swr-meter 
selector switch to reflected 
(R) and quickly rotate Cl for 
the "dip" or lowest indicator 
reading. If the indicator 
does not go all the way 
down to zero, move the 
balun output connections 



Fig. 4. Antenna coupler details. V-bomb antenna system. 
28 73 lor Radio Amateurs • September, 1985 


further away from or closer 
to the coil center point and 
readjust Cl. 

When properly adjusted, 
the rf power may be in¬ 
creased to full operating 
value (say 100 Watts) and 
the indicator will remain on 
zero. If the indicator rises as 
the power is increased, try 
trimming an inch or so at a 
time from the open-wire-line 
conductor length and read¬ 
just as above. 

Another good test is to 
check the loading at the 
transmitter. When the cou¬ 
pler is properly adjusted and 
the 52-Ohm line matched 
through the balun to the 
tuned circuit, the transmit¬ 
ter should load to the proper 
dc milliamperes without the 
use of antenna tuners and 
similar devices. If the trans¬ 
mitter output-stage dc- 
current value is too low, try 
moving the balun output ter¬ 
minal connections further 
away from the center of the 
coil. 

The placement of these 
tap connections is critical. 
Move each tap connection 
about 1/8 turn, retune Cl for 
zero reflected power, and 
check the transmitter out¬ 
put circuit dc-current value. 
With the copper-tubing coil 
as specified. Cl will be at 
about half maximum capac¬ 
itance (about 75 pF). 

If the coil spacing is in¬ 
creased, the Q of the tuned 
circuit will increase and the 
loading characteristics at 
the transmitter are generally 
improved. However, when 
the antenna coupler circuit 
is high Q, the bandwidth will 
be reduced slightly. At 
W6TYH, the matching and 
loading adjustments are 
such that the array may be 
operated about 100 kHz 
each side of 21.3 MHz be¬ 
fore any noticeable rise in 
the swr value occurs. 

The coupler circuit, as 
described above, operated 
perfectly with the V array 
alone and with the one pair 
of half-wave linear radiators 
connected. With this ar¬ 
rangement, the open-wire 
transmission line was a half 
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wavelength (22 feet) long 
However, when the stacked 
arrangement was com¬ 
pleted, it was found that ca¬ 
pacitor Cl would tune to a 
shallow dip on the ref lected- 
power-meter indicator but a 
complete (0) null could not 
be obtained. The coupler 
circuit was then changed as 
shown at A in Fig, 4 

Coil LI, in this case, con¬ 
sists of 6 turns of No. 12 
Teflon ,M -covered copper 
wire wound on a Bakelite™ 
coil form 2 inches in diame¬ 
ter and 3 inches long. The 
turns are evenly spaced over 
the length of the form. The 
balun output terminal con¬ 
nections are soldered to the 
copper conductor exactly 1 
turn each side of the coil 
center point. 

Tuning capacitor Cl is 
connected across the entire 
coil winding, as shown. The 
open-wire transmission line 
in our case is connected to 
taps A and D. The A and D 
taps are made exactly 1 turn 
from the ends of the coil. 
See Fig. 4 at A. The open- 
wire-line taps are correct for 
a balanced line of approxi¬ 
mately 500 to 600 Ohms. 

If you want to be "scien¬ 
tific" and hand-hone the ar¬ 
ray to resonance, connect a 
1-turn coil across the open- 
wire line, as shown at B in 
Fig. 4, about 11 feet, 4 inches 
down the line from the point 
where the line is connected 
to the V apex feedpoint. Cut 
both wires of the line, leav¬ 
ing the line one-quarter 
wavelength from the apex 
feedpoint to the 1-turn coil. 

Lightly couple the 1-turn 
"link" coil to the coil of a 
grid-dip oscillator. Set the 
grid-dip oscillator on 21.3 
MHz and monitor the gdo 
frequency with a calibrated 
receiver. The 1-turn coil 
should be connected to the 
open-wire line with a pair of 
copper alligator clips so that 
it may be si id up or down the 
line. 

As you slide the link coil 
clips up and down the line, 
you should find a point 
where a sharp dip occurs on 
the gdo indicator This is the 
"When You Buy, Say 73" 


point at which the antenna 
system is resonant. Always 
check the gdo frequency 
with the calibrated receiver 
when resonance is indicated 
because the adjustments 
tend to pull the oscillator off 
its own calibrated frequency 
indication. 

Next, cut off the unused 
ends of the quarter-wave 
line section Now take the 
quarter-wave line section 
that was removed and cut its 
length to exactly the same 
as that of the pruned 
quarter-wave section still at¬ 
tached to the array. The two 
line sections are now sol¬ 
dered together to form a 
half-wave line. Attach the 
coupler circuit and adjust 
for zero reflected power at 
test point A, as before. I 
have found this method to 
be very accurate in adjust¬ 
ing open-wire lines to ex¬ 
actly one-quarter or one- 
half electrical wavelength. 

On-the-Air Tests 

You must remember that 
the spread of the bi-direc¬ 
tional pattern from this ar¬ 
ray is much narrower than 
that of a conventional 3- or 
4-element rotary beam. This 
array is most useful for 
working into a specific area 
such as Europe or the South 
Pacific. At W6TYH, we are 
interested in keeping in 
touch with friends in Tas¬ 
mania and New Zealand. 
The stacked combination V 
and broadside arrays illum¬ 
inate all of Australia and 
New Zealand. 

With this orientation, it 
lays down terrific signal lev¬ 
els across the Great Lakes re- 
gion of the USA and 
southeastern Canada. How¬ 
ever, because of unstable 
propagation conditions, 
only a few European sta¬ 
tions have been worked. 
Once, when working a sta¬ 
tion in Cleveland, Ohio, the 
initial contact was made 
with the 2-element yagi. The 
signal report was Q5 S6 us¬ 
ing the yagi. Then the V- 
bomb array was switched to 
the transmitter with the 
same dc input power. The 


signal report was S9 +- 20 
dB. 

Using the Super Antenna 

Most hams dream of hav¬ 
ing an antenna with a gain of 
10 to 11 dB. A rotary beam 
(yagi) antenna with gains in 
this order for the HF bands 
would be a very expensive 
device. It is possible to build 
very high gain fixed-wire an¬ 
tennas for a fraction of the 
cost of a multi-element ro¬ 
tary beam and the necessary 
supporting tower. 

An antenna system with 
extremely high gain always 
has a very narrow, highly 
concentrated field pattern. 
In general, antennas with 
more than 10 dB gain, partic¬ 
ularly those of the rhombic 
type, can cause problems 
because of the small illu¬ 
mination area both in the 
ionosphere and at the 
receiving location. It is com¬ 
mon practice in commercial 
point-to-point communica¬ 
tion to build up antenna gain 
only to a specified level and 


then "fill in” with high 
power. 

Watch the signal-level 
meter on a sensitive short¬ 
wave receiver tuned to a 
high-power shortwave broad¬ 
cast station such as Radio 
Moscow, BBC, Radio Aus¬ 
tralia, or the VOA Note that 
the signal, as evidenced by 
the indicator pointer swing, 
is constantly fading up and 
down, but the audio level re¬ 
mains fairly constant. These 
stations are designed with a 
compromise between high 
erp and power input to the 
final stages of the transmit¬ 
ter 

If you live near a VOA sta¬ 
tion, pay it a visit. These sta¬ 
tions are open to public 
visitation during business 
hours. However, you should 
call the station manager and 
arrange for an appointment. 
Usually, if a group of three 
or four hams visits a VOA 
station, they will arrange a 
guided tour of the facilities 
conducted by one of the en¬ 
gineers.■ 
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Brew a Coffee Ground Plane 

No cream , no sugar—just a 440 antenna that really percolates. 



This project was awarded third prize in 73’s Home-Brew 111 Contest. 


Fig. 1. The coffee ground- 
plane antenna. 


Hank Goldman WA20VC 
2530 Independence Avenue 
Riverdale NY 10463 


H ere is a great UHF an¬ 
tenna project for the 
readers of 73 that costs 
much less than the $73 
Home-Brew III limit. In fact, 
if you pay more than $0.73 
for the parts, you haven't 
been to a good ham flea 
market lately! 

This isn't a "toy" project 
either, because as luck 
would have it, certain house¬ 
hold items resonate on the 
ham-band frequencies. Spe¬ 
cifically, a 1-lb. metal coffee 


can is a perfect ground 
sleeve for the base of a 
"non-gain" very omnidirec¬ 
tional 440-MHz antenna. 

The can will be a "free¬ 
bie" from your kitchen and 
all you need to buy new (if 
you don't already have one 
in the junk box) is a coaxial 
chassis female connector. 

Step 1: Drill a hole in the 
bottom of the can to mount 
the connector, which is in¬ 
stalled with the threaded 
part inside the can. 

Step 2: Cut a 9" piece of 
stiff wire or rod and solder it 


vertically into the connector 
on top of the can. 

Step 3: Attach your RG-8 
from the radio to the con¬ 
nector inside the can. With 
low power at first, key the rig 
and measure swr or maxi¬ 
mum power out while you 
trim 1/8"sections off the rod 
till the antenna resonates in 
your favorite part of the 
band. 

Step 4: Once it's resonat¬ 
ed. spray everything with sil¬ 
icone and lash it to a mast, 
or high on your tower. 

StepS: Start having fun.■ 


Hi Pro LB-VHF-UHF Repeaters 
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Takin' It to the Streets — Part I 

Work the world from your HT! Crossbanding expert WA6AXX 
explores the how-to of remote and auxiliary operation. 


Ed Ingber WA6AXX 
Advanced Computer Controls, Inc. 
10876 Northridge Square 
Cupertino CA 95074 



The ShackMaster 100. 

Grabbing the Control Window 


CONTROL .-1|-1|--1 

XCYR PTT—I-—JL—-JJ-lJ- 

T T T 

CONTROL WINDOWS 

YOUR PTT_ G raB e |T —,|——] 

Fig. 1. 
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H i, Frank. Look at what I 
just got. 

Hi, Tom. Looks like one of 
those tiny new hand-helds. 

Right. But it's really my 
new HF rig. 

A hand-held HF rig? That 
means you can carry it 
around? 

You bet. It's an allband 
SSB rig that puts out a hun¬ 
dred Watts. 

A tiny hand-held HF rig 
putting out that kind of 
power? Come on, now! I'll 
bet the batteries last only a 
few seconds! 

No, I get about eight or ten 
hours of operation from 'em. 
And see the rubber ducky an¬ 
tenna? 

Yea... 

It does as well as my four- 
element tribander on my 
sixty-foot tower at home. 

A conversation from the 
year 2000? Not at all—Tom's 
ordinary UHF hand-held is 
linked to his home HF sta¬ 
tion, which lets him operate 
his high-frequency equip¬ 
ment from anywhere. 

A New Way of Life 

Operating today's HF 
equipment is very similar to 
the old days of VHF, With¬ 
out hand-helds or repeaters, 
getting on two meters meant 


that you needed a base 
transceiver with a good out¬ 
side antenna or a high-power 
mobile rig. Then, in time, 
hams discovered that re¬ 
peaters could retransmit sig¬ 
nals to extend their range. 
Newer technology made 
hand-helds possible, and 
when combined with repeat¬ 
ers, hams could carry their 
"2-meter shack" in their 
hand. Amateur radio be¬ 
came more fun and the 
ham's way of life changed! 

Not much has changed 
about operating HF, how¬ 
ever. Today's transceivers 
are certainly easier and 
much more fun to use than 
those of the old days, but 
you still need to be at home 
in the shack, sitting in front 
of the rig, in order to operate. 
The only alternative is a sec¬ 
ond rig installed in the car, 
with funny-looking antennas 
and compromised perfor¬ 
mance. Even then, the mo¬ 
bile rig is available only 
when you're in the car. Con¬ 
sidering the investment in a 
modern HF station (rig, lin¬ 
ear, tower, antennas, rotor, 
coax, etc ), and considering 
that the station is available 
only a small percentage of 
the time, there must be a bet¬ 
ter way—and there is! 




That better way involves 100 by Advanced Computer 
having your hand-held (or Controls 
mobile) VHF or UHF trans- Since your hand-held is al- 
ceiver crossband linked to ready capable of encoding 
your HF station. As with a touchtones™. we'll use 
repeater, your VFIF transmis- touchtone signaling as an 
sions are retransmitted by easy way to command your 
your HF station, and HF sig- home station. The controller 
nals received at home are re- needs to listen to the control 
transmitted on VHF back to transceiver and decode and 
you. interpret your touchtone 

Did I hear you say that re- commands. The commands 
peaters aren't legal on HF? that you enter are similar to 
Right, but this isn't repeater the keyboard sequences that 
operation —it's remote con- let you load frequency mem- 
trol of another amateur sta- ories into your HT and let 
tion (your home station from Y ou make it scan. The differ- 
your hand-held) and is ence is that you transmit the 
called auxiliary operation sequences as touchtones; it 
is similar to activating a re- 
Crossbanding peater autopatch. 

What do you need to op- Communication between 
erate crossband? At home, the operator and the station 
you need your HF trans- controller needs to be two- 
ceiver, of course, plus a VHF wa Y. however. What fre- 
or UHF control transceiver quency are you currently 
to allow you to communi- on - Did You enter the com- 
cate with your home station mand You thought you did? 
Then you carry around an- Where is the antenna 
other VHF or UHF trans- pointed? Since you don't 
ceiver with you, such as a have a TV camera at your 
hand-held. station which would let you 

Your hand-held and the look around at how every- 
control transceiver at home thing is set, you can use the 
form the control link, which electronic speech synthe- 
is the key to remotely con- sizer in ShackMaster to ac- 
trolling an amateur station, knowledge and respond to 
(The station also can be re- Y°ur commands, 
motely controlled by wire The controller must also 
line, as we'll see later.) handle all the audio switch¬ 

ing and mixing, control the 
The Station Controller transmitter push-to-talks. 

If another ham were at Provide VOX detection, al- 
home to push the buttons low for convenient local use 
and turn the knobs, it would of the equipment, and dis- 
be easy. Just wire speaker play the status of the system, 
audio to the mike and you'd 
be done But truly practical Operating Simplex 
crossband operation should A problem becomes ob- 
let you completely control vious very quickly. With one 
your home station directly VHF transceiver, you can't 
from your remote control listen and transmit at the 
point. We need something to same time. Your single con- 
act as a station controller, trol transceiver at home 
something to tie the equip- can't, either When the con- 
ment together and to let you trol transceiver is retransmit- 
remotely control it ting HF activity, it needs to 

Thanks to the evolution of check periodically to see if 
control-system technology youwanttoenteracommand 
developed for modern ama- or to make a transmission 
teur repeaters and to a new through the HF rig It does 
generation of externa I ly-con- this through a "control win- 
trollable broadband HF dow" —a brief interruption 
transceivers, such a station in the transmission from the 
controller is now available control transceiver which al- 
— it is the ShackMaster™ lows the ShackMaster con- 



Fig. 2. 


trailer to listen for you to chasing DX, two control 
break in. (See Fig. 1.) transceivers (preferably on 

If you do break in and different bands!) let you 
grab the window, you keep it transmit commands to your 
and can then change fre- home station while continu- 
quency or enter other com- ously listening. This is full 
mands, retransmit yourself duplex operation. The con- 
through the HF rig, etc. If trol window is eliminated 
you don't grab the control and you can tune around 
window, there's simply a and rotate the beam faster, 
brief "hole" in the transmis- without the need to synchro- 
sion from your home station, nize to the control window. 
A short beep just before the Full duplex operation is one 

window lets you know ex- step closer to actually being 

actly when to key down to in the shack, 
grab it. When you want to 
grab the window, just wait Operating Through 
for the beep and then key a Repeater 
down. A good VHF "control" 

The duration of the con- base station can have a 
trol window should be as range of many miles, ob- 
short as possible to minimize viously depending on local 
lost information, and may be topography, antenna height, 
limited only by the switching an( j power levels. Range can 
time of the control trans- be optimized to a particular 
ceiver(time to go from trans- area-for example, along 
mit to receive and detect a y OU r commute path to work 
signal at the receiver). Prac- _ w j t h a VHF beam. Inevita- 
tical window durations bly, however, you'll want to 
range from around 10 ms to access your home station 
300 ms, depending on the rig. when you're out of direct 
The frequency of the control ran ge. Enter the repeater, 
window is a matter of per- Operation through a re- 
sonal preference, but a win- peater is similar to operating 
dow every three or four simplex. Both your hand- 
seconds is about right to en- held and your control trans- 
sure positive control of your ceiver at home are tuned to 
home station. the same repeater. The only 

Window timing is fully trick is that the repeater 
programmable and can be probably has a hang time; 
changed while you're oper- the repeater transmitter 
ating. For normal operation, stays on for a period of time 
you might want the window after the input signal goes 
every few seconds, but for away. When the station con- 
casual listening to a net you trailer interrupts its transmis- 
can extend the window to sion (the control window) to 
occur every ten or twenty listen for you, it sees the re¬ 
seconds or so. peater carrier still present. 

This would fool the Control- 
Operating Full Duplex | er j nto thinking that you've 

Simplex operation is great grabbed the window, 
for casual work since you The solution is to indicate 
need to carry around only to the controller that you're 
one rig. For higher perfor- activating functions through 
mance operation, such as a repeater. Then it knows not 
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to look for a carrier during 
the control window but to 
listen for audio instead, us¬ 
ing its internal VOX detector. 
When operating through a 
repeater, to grab the control 
window simply key down 
and talk or send a touchtone 
command. The controller's 
VOX detector senses your 
presence and lets you keep 
the window. 

Some diplomacy should 
be used when operating 
crossband through a repeat¬ 
er, of course. Get the permis¬ 
sion of the repeater owner 
first, and be sure that your 
command codes won't acci¬ 
dentally activate control 
functions of the repeater it¬ 
self. It's also good to be sure 
that other users of the re¬ 
peater don't object to the 
sounds of HF operation on 
the machine. In many areas, 
there are lots of fine, open 
220- and 440-MHz repeaters 
which are begging for users. 
Occasional crossband activ¬ 
ity through these repeaters is 
an excellent use of the re¬ 
sources available. 

Accessing the Home 
Station by Telephone 

There may be times when 
you're even out of repeater 
range of your home station 
or when you simply would 
like the privacy of remotely 
operating your home equip¬ 
ment from the phone. Shack- 
Master connects to your 
home phone line and lets 
you call home to perform all 
the functions by phone that 
you can command over the 
air. Again, touchtone com¬ 
mands via phone control the 
HF transceiver and rotor, but 
also allow you to access ei¬ 


ther of the two control trans¬ 
ceivers as well. That means 
that you can get on your lo¬ 
cal repeater when you're out 
of town by calling home. Or 
operate the HF station from 
work, from a friend's house, 
or even from a phone booth! 

Controlling the HF Rig 

You want your"pocket 
HF station" to duplicate as 
closely as possible actually 
sitting in front of the rig. To 
do this, you need the ability 
to control HF frequency and 
mode. You also would liketo 
be able to scan, recall the 
rig's memories, and so on. 
These functions are all acti¬ 
vated with simple touchtone 
sequences. Commands are 
provided for direct fre¬ 
quency entry, scanning up or 
down at three rates, bump¬ 
ing frequency up or down in 
20-, 100-, or 500-Hz incre¬ 
ments, selecting mode, and 
recalling transceiver memo¬ 
ries. Commands are gener¬ 
ally acknowledged with syn¬ 
thesized speech responses. 

Rotating the Beam 

A simple dipole antenna 
works great on 40 and 80, but 
for the higher frequency 
bands, the chances are that 
you've got a beam. While 
you could operate from your 
remote control point with 
the beam stuck in one direc¬ 
tion, since you want your 
pocket station to be just like 
sitting in the shack, the abil¬ 
ity to rotate the beam is im¬ 
portant. 

A rotor-control board is 
designed to mount inside the 
Hy-Gain/Telex rotor control 
box (for the CD-45-11, Ham 
IV, etc.). The board provides 


an interface from Shack- 
Master to the control box, al- 
lowing you to remotely 
rotate clockwise or counter¬ 
clockwise, specify a direc¬ 
tion, or read back the current 
direction in synthesized 
speech with simple touch- 
tone commands. 

Turning the Station 
On and Off 

Naturally, you want to be 
able to turn your equipment 
on when you're using it and 
back off when you're done. 
(The control transceiver 
should stay on all the time, 
though, so it can hear your 
commands.) Several forms 
of general-purpose remote 
controls are useful. Touch- 
tone-commandable logic 
outputs can switch relays, 
turn things on and off, etc. 
For control of ac-line-oper- 
ated equipment, an inter¬ 
face to the BSR home-con¬ 
trol system provides a sim¬ 
ple, clean, safe capability to 
turn station equipment on 
and off. Even 115-volt coaxi¬ 
al relays can be controlled 
for antenna switching. 

Controlling the 
Control Transceiver 

We saw earlier that your 
home station can be 
accessed on a simplex fre¬ 
quency, on a pair of fre¬ 
quencies for full duplex 
operation, or through a 
repeater. But what if you're 
operating on a simplex fre¬ 
quency and you're driving 
out of direct range? Or if 
someone else needs to use 
the repeater you're working 
through? You can command 
your control transceiver, 
your link from home, to 


QSY! Two frequency memo¬ 
ries inside ShackMaster 
make it easy to QSY be¬ 
tween two favorite frequen¬ 
cies, or any frequency may 
be entered directly with 
touchtone commands. If you 
make a mistake or the new 
frequency is busy and Shack- 
Master doesn't hear from 
you after you tell it to QSY, 
it'll come back to where you 
were originally! 

Housekeeping 

The control transceivers 
must be IDed periodically, 
and this function is per¬ 
formed in synthesized 
speech by ShackMaster. A 
variety of "control opera- 
tor"-level touchtone com¬ 
mands allow enabling and 
disabling various functions 
remotely. Timers protect 
against "failure of the con¬ 
trol link," such as from driv¬ 
ing out of range. 

What Rigs to Use? 

If you're willing to leave 
the HF rig on a single fre¬ 
quency, virtually any HF 
transceiver can be used, but 
clearly the fun is in the abil¬ 
ity to tune around and 
change modes. That means 
that the rig must have provi¬ 
sions for external control. 
The ideal ham transceiver 
would have a serial com¬ 
puter port on the back 
which would allow all of its 
front-panel functions to be 
activated from the port. 
While this ideal rig doesn't 
yet exist, the trend is in the 
right direction and several 
available HF rigs have com¬ 
puter ports. They include 
the ICOM IC-751, Yaesu FT- 
757CX, Yaesu FT-980, and 
others. Several older ICOM 
rigs include limited provi¬ 
sions for external computer 
control as well. 

These modern rigs are 
solid state and broadbanded 
and require no tune-up, un¬ 
like those of the old days 
when it was necessary to 
"dip the finals." Some 
equipment, such as ICOM's 
transceiver, linear, and an¬ 
tenna tuner automatically 
work together without the 
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need for controlling them 
separately. With today's 
equipment, an unattended 
HF station is as practical as 
unattended repeaters. 

Frequency control of the 
VHF/UHF control transceiv¬ 
ers is less important but can 
also be useful, particularly 
for telephone access and for 
the ability to QSV. Any syn¬ 
thesized, BCD-controlled rig 
such as one which uses 
thumbwheel switches is 
easy to control by electri¬ 
cally simulating the thumb¬ 
wheels externally. These rigs 
include many older ones 
that may right now be sitting 
on your shelf —the ICOM 
IC-22U, IC-2/3/4A, Kenwood 
TR-7400, Azden PCS-3000, 
etc. ShackMaster's fre¬ 
quency-control-board op¬ 
tion can wire directly to 
many of these rigs. Newer 
rigs such as the ICOM IC-271 
and IC-471 have computer 
ports for external control. 

The Rules 

The rules allow an ama¬ 


teur-radio station to be op¬ 
erated by remote control 
Transmissions for control¬ 
ling and intercommunicat¬ 
ing with the station are 
considered manual, locally- 
controlled, auxiliary opera¬ 
tion, and are currently lim¬ 
ited to frequencies above 
220.5 MHz. (The QCWA has 
filed a Petition for Rulemak¬ 
ing with the FCC proposing 
elimination of this restric¬ 
tion on auxiliary operation.) 
This means that the control 
transceiver should operate 
on 220, 440, or 1200 MHz. 

Your home HF station is 
operated under manual re¬ 
mote control, and there are 
no restrictions on its fre¬ 
quency of operation. Tele¬ 
phone access to your home 
station is considered wire- 
line remote control. 

Operation of your home 
station by remote control re¬ 
quires some simple proce¬ 
dures, outlined in §97 88, 
such as posting a photocopy 
of the station license, a list 


of control operators, etc. A 
functional block diagram of 
the control link and a sys¬ 
tem-network diagram should 
be included as part of the 
station log. Relevant sec¬ 
tions of Part 97 rules include 
§97,3, §97.61(d), §97 88, 
§97.90, and §97126 

A New Way Is Here 

The ability to carry your 
HF station with you any¬ 
where changes the charac¬ 
ter of HF operation. Your 
expensive home station is 
available to you 99% of the 
time instead of only 1 % of 
the time. Even around the 
house you don't have to be 
cubbyholed in the shack; 
you can be with the family 
or working in the garage or 
the yard. Meet your skeds, 
check into nets, and gener¬ 
ally rag-chew and work DX 
from anywhere 

Crossband operation 
eliminates the need for a 
second HF rig for mobile op¬ 
eration and thus its expense 
and vulnerability to theft. 


And by crossbanding you 
can take your HF station 
with you when you leave the 
car! Of course, you can still 
put your base rig in the car 
when you go on long trips 

Apartment and condo 
dwellers can install an HF 
station at another location 
and then use it from home. 
Radio clubs can get the 
most out of their club sta¬ 
tion by allowing members to 
operate it from their homes. 
Emergency service groups 
can have hand-held access 
to HF to supplement their 
VHF communications dur¬ 
ing emergencies. 

And most of all, operating 
an HF station which fits in 
your hand and clips onto 
your belt is FUN! 

In part two of this article, 
I'll discuss other useful ca¬ 
pabilities of the Shack- 
Master. ■ 

Ed Ingber WA6AXX is the 
President of Advanced Com¬ 
puter Controls, Inc., of Cu¬ 
pertino, California. 


Ybur Ham Tube 

Headquarters! 


tubes bought, sold and traded 

SAVE $$$—HIGH SS$ FOR YOUR TUBES 


Call Toll Free 800-221-0860 
Tubes 

3-400Z.$85.00 7360.$10.00 


3- 500Z.85.00 7735A.27.50 

4- 400A.80.00 8122. 110.00 

4CX250B. 55.00 8156.12.50 

572B.42,50 8643.81 

811A. 12.00 8844.2( 

813.30.00 8873.17! 

6146B. 7.00 8874.19! 

6360.4.25 8877.49! 

6883B. 6.75 8908.1! 

Semiconductors 

MRF 245/SD1416.$30.00 MRF644 . $2 

MRF 454.18.95 SD1088 . 1 

MRF 455.13.95 2N3055 . 

2N6084 .I! 

RF Connectors 

PL259.10/$4.95 M358.2.50 

PL258.10/8.95 M359.1.75 

UG175/176.10/1.60 Type "N" Twist on 

UG255/U.2.50 ea. (RG8/u).$4.75 

UG273/U.2.25 ea. Minimum Order $25.00 


(RG8/U).$4.75 ea. 

Minimum Order $25.00 


Allow $3.00 min. for UPS charges 


COMMUNICATIONS, Inc. 

2115 Avenue X Brooklyn. NY 1 
INDUSTRY StNCf rQ7? Phone (718) 646-6300 | 


PACKET RADIO 
CONTROLLER 


Now you can get in on the fun in packet radio! 


PK1 - FCC CERTIFIED - wired and tested in cabinet $209 
PK1S - Subassembly board - wired and tested $164, 
PKD0C • Documentation only - Refundable on first PK1 

purchase $ 9, 

Please specify Call Sian, SSID Number, and Node Number when ordering 
Contact SLB lor additional Into and available options. 


GIB ELECTRONICS,INC. 
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Build the Broadband Bow Tie 

It's every ham's dream: An 80m antenna with a flat swr 
of 1.5:1 from 3.5 to 4.0 MHz. And it couldn't be simpler. 


A re you content with be¬ 
ing stuck in one narrow 
segment of the 80-meter 
band? Do you enjoy tuning 
your transmatch so your sol¬ 
id-state rig will function 
properly? If you answered 
no to either of these ques¬ 
tions, you may be interested 
in this antenna. It works well 
across the entire band. The 
swr is better than 1.5:1 from 
3.5 to 4 MHz. 

The Broadband Bow Tie 
was built as a Field-Day an¬ 
tenna for Ham Radio Explor¬ 
er Post 373 (see Fig. 1). In the 
past we’ve tried normal 
dipoles, verticals, and even 
a double extended zepp. 
None of these were reliable 
or broad enough; we de¬ 
cided to try something new. 


r 


lt had to be reliable. It had 
to be simple to erect and 
dismantle. It had to be 
cheap. And most important, 
it had to cover the entire 
band without the help of a 
transmatch. 

Library books and old 
magazines produced two in¬ 
teresting antennas. One was 
a fan dipole. The other one 
was called a 10-meter Won¬ 
der Bar (Figs. 2 and 3). Both 
looked good, but neither 
was quite what I wanted. So 
I combined the best features 
of each, and the result is the 
80-meter Broadband Bow 
Tie 

Begin building by finding 
the parts (see Parts List). 
Other than the toroid core, 
all parts can be found at 



Fig 7. 80-meter Bow Tie antenna. The 10-foot conduit spread¬ 
ers can be mounted either vertically (as shown) or horizon¬ 
tally. 
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either Radio Shack or your 
local hardware store. 

You will need to start with 
the two sections of V *" thin- 
wall conduit Flatten each 
end of the conduit for 2 
inches or so and drill a %" 
hole 1 inch from each end. 
Make a loop in one end of 
each wire and solder it 
securely. Put a screw 
through the hole in the con¬ 
duit, slide on the wire, put 
on the other hardware, and 
tighten (see Fig. 4). For per¬ 
manent installations, each 
connection should be taped. 

Connect the wires to the 


center insulator as shown in 
Fig. 5. Each wire is 62' 4" 
long from the end of the 
conduit to the center insu¬ 
lator. Temporarily solder a 
SO-239 connector to the an¬ 
tenna and hook up some 
50-Ohm coax. You're ready 
to set it up and do some pre¬ 
liminary testing. 

Set up the Bow Tie at the 
location you plan to use it. 
Hook up your transmitter 
and swr bridge. On-the-air 
testing should be done in 
the morning or afternoon to 
avoid QRM. 

Keeping keydown time to 



Fig 2. 80-meter fan dipole. 



Fig 3. 10-meter Wonder Bar. 






Fig. * Detail sketch ai 
spreader, wire, hardware, 
and nope. 


, check (tat dm 

across the band I checked K 
every 5G kHz and grapWed 
the results (see FI*, hi 1 
found that it was flat at 3t1 
from 3.5-4 MHz This could 
be due to its low height (2& 
at one end and <b‘ at the 
other). It ceuM be that it teas 
too long or it could be sim¬ 
ply a characteristic of a large- 
diameter dipole The im¬ 
portant thing is (hat it Hoes 
not change appreciably 
across the band. 

The next step is to' 
transformer to match 
Ohms of 
standard SOOtom 


Mf transformed *ts 
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P.O. Bm 1924 
Beaverten, Oregon 97075 
(503) 292-9399 
VISA - MASTEBCABD 


JpfcisfeiSf in Cowanciai. Industrial, and Military Surplus Electronics 
Component Pans. Subassemblies. Computer PC Boards. Systems an 
Equipment of aH kinW New and Used Most with documentation Hig 
Tech Computers, Interface Parts, and Pertlerals IC’s by the Chip or Tut 
(•«•) Components by the loot From tacks to Resistors. Teletypes to Trai 
ststors or Tubes. ASCII Keyboards to Computer P C Boards wit 
Schematics Send SASE tor full listings and prices V 


i! Our i 


it DC t 


Special: Fully encoded ASCI Parallel Keyboard made by cherry for Tektronix 
acre Geaphits Ter—al with c o mp l ete schematic 

NEW *23 88 each Order#TEK 4010 

Steepler Attention Tanex 1000 and Sinclair ZX-81 users; 48 Key Unencoded 
Keyboard from Texas Instruments T1 99 Computer with Schematic 

,NKW *9 99 each Order #TT 99 


14.95 each Order PTI 99ZX 


sold New or Used AS IS Refunds a 
orders Minimum Order *5.00. *3 00 Handling i, 
n orders add *5.00 extra and remit in U S. Fum 


You 

should be ready to operate 
on VO and 75 meter* 

Th» antenna was built 
and erected temporarily in 
Bie early afternoon. There 
was not a lot of activity on 
■0 or 75 meters at die time 
We were able te work any 
station that we could hear 
with a barefoot TS-520S. Sir 
nal reports varied from S7 to 
10 over S9 both ways. Per¬ 
formance seems to be about 
Hie same as you get from a 
dfpeie The difference is in 
the bandwidth I have never 


seen a dipole that can cover 
die entire band the way the 
Broadband Bow Tie can. I'm 
pleased with this antenna, 
and if you try it I think you 
wiW be too. 

I would like to thank 
KA90HM, KC90N, KA9MBR, 
and the others in Explorer 
Post 373 for their help and 
encouragement. 


Fig. 6. Swr curves: Curve A « mens weed wdftfcel em-tP) trans¬ 
former Curve • is with un-un tapped atJ tutm (1.7ft Has k 
ratio, 3:1 impedance ratio). 


This antenna was taken to 
Field Day. It was used on 
CW and SSB. Stations were 
worked from coast to coast. 
It was set up 20 feet high 
between two trees. The swr 
was even better than Fig. 6 
curve B. I sincerely believe 
that it was worth the effort. ■ 



1 . Stu UNmd W1J«C, “The Old 
Timera’ Netabeofc: Remember 
dw Wand e r Bar Antenna—A10- 
Matar law Tie?” 9ST, April, 
mg.pp.SB-OB. 

2. william I. Orr WtSAI, "A 


Fig 7. Un-um 
Secondary it tapped every turn. 
"When Yen Pay, Say 79" 


eta MaaPheek, Itth Edition, 
1972, pp. 26.#, 2S.10, Ski 1. 
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Stan Cibilisco VV7CV 
PO Box 144524 
Coral Cables FL 33114 


Don't Fall for Swr Fraud 

Your feed line may be swindling you. Find out 
how much power you are losing and how to stop it. 


M ost every ham owns 
an swr meter. This in¬ 
strument is indispensable 
for determining antenna 
resonances and impedance 
matches. But swr meters in¬ 
dicate the antenna-feed- 
point swr only when they are 
connected at the antenna 
end of a transmission line. If 
it is important for you to 
know the actual degree of 
mismatch between your an¬ 
tenna and feedline, you 
must either connect the me¬ 
ter at the antenna feedpoint 
or incorporate a correction 
factor into the measure¬ 
ment It's not very conve¬ 
nient to read a meter while 
suspended in midair or 
hanging atop a tower while 
a brick sits nonchalantly on 
the key of your 50% duty- 
cycle transmitter! But fortu¬ 
nately, such contortions are 
not necessary. There is an 
easier way to accurately de¬ 
termine the feedpoint swr. 

What Is Swr? 

There are several ways to 
define standing-wave ratio 
(swr), and the definition we 
choose actually affects the 


value. The way we generally 
see swr defined is something 
like this: If the antenna im¬ 
pedance is a pure resistance 
(R) and the characteristic im¬ 
pedance of the feedline is 
Zo, then the swr is either 
R/Zo or Zo/R, whichever is 
greater than or equal to 1. 
That's very nice, but rarely is 
the impedance of a real-life 
antenna a pure resistance. 
There almost always is some 
reactance present as well, 
and this completely ruins 
the above definition. The 
constraints are hardly ever 

Another popular defini¬ 
tion of swr is the following: 
The voltage along a trans¬ 
mission line occurs in 
"loops'' (maxima) and 
"nodes" (minima). The volt¬ 
age standing-wave ratio 
(vswr) is simply the ratio of 
the voltage at a loop to the 
voltage at a node: E max / 
E m j n . Sounds good! But 
what if the feedline is very 
short? Loops and nodes oc¬ 
cur at intervals of 'A wave¬ 
length along a transmission 
line If the line is shorter 
than V* wavelength, then 


there is no swr according to 
this definition. If the line is 
long, there will be numerous 
voltage loops and nodes 
along its length, but because 
of line loss, no two maxima 
or minima will be the same. 
How then can we determine 
swr? 

A third method of defining 
swr is whatever an swr meter 
indicates. This definition is 
quite convenient and makes 
precise determination possi¬ 
ble (assuming the instru¬ 
ment is correctly calibrated 
and is not affected by exter¬ 
nal factors). So why not 
make it easy on ourselves? 
In real life, how else are we 
going to determine the swr. 
anyway? 

Effect of Line Loss 

Regardless of the kind of 
feedline you use, it will have 
some signal loss. Even the 
largest hardline is not per¬ 
fect. The loss in any trans¬ 
mission line increases with 
the operating frequency 
Fig. 1 shows the loss in dB 
per foot as a function of fre¬ 
quency for the most com¬ 
mon coaxial lines used by 


amateurs. The values in Fig. 
1 are based on the assump¬ 
tion that the feedline has 
not become damaged or 
contaminated (some of the 
outer jacket eventually gets 
into the dielectric material 
of certain cables). These loss 
figures also are accurate on¬ 
ly if the swr is 1—that is, if 
the line is perfectly termi¬ 
nated. However, this infor¬ 
mation will help you to dis¬ 
cover your feedpoint swr 
rather easily. To find the 
matched-line loss for your 
system, simply multiply the 
value from Fig 1 by the 
length of your line in feet. 

Of course, it is rare for the 
swr to be 1 There is nothing 
sacred about this theoreti¬ 
cal ideal. No electromagnet¬ 
ic angels descend when the 
swr meter needle dips all the 
way to the left Many hams 
have gotten the idea that 
even the most miniscule de¬ 
parture from a flat line is a 
horrible gremlin to be avoid¬ 
ed at all costs Actually, 
though, an swr as high as 2 
will never cause appreciable 
loss compared to a perfectly 
matched system; even a val- 
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Fig. 1. Loss as a function of frequency for common 50-Ohm 
coaxial cables. Foam-dielectric cables have lower loss but 
may age more rapidly. These figures are in dB per foot; to find 
the overall line loss, multiply by the line length in feet. The 
result is the loss in your transmission line, assuming a perfect 
match. 


ue of 3 or 4 is often toler¬ 
able. In the old days of radio 
(and sometimes even today), 
open-wire feedlines were 
operated with standing- 
wave ratios in excess of 10 
without detrimental effects. 
Still, it is a good thing to 
keep track of your swr since 
it may indicate aging of your 
feedline or other changes in 
the antenna system. 

Suppose you measure 
your swr at the antenna 
feedpoint and find that it is 
3. Now imagine that some¬ 
one invents a sliding swr 
meter that can easily be 
moved along coaxial cable. 
As you move the meter 
away from the antenna and 
closer to your rig, you will 
observe a gradual, continu¬ 
ous decrease in the swr. De¬ 
pending on the amount of 
matched-line loss, the meter 
may read anything between 
1 and 3 by the time it 
reaches the station end of 
the cable. 

The reason for this is sim¬ 
ple: As the signal (electro¬ 
magnetic field) travels down 
the line toward the antenna, 
the field intensity decreases 
because of losses in the line. 
Hence the "forward" read¬ 
ing of an swr meter is greater 
near the transmitter than at 
points far away along the 
line. If the antenna is not 
perfectly matched to the 
line, some of the field gets 
reflected at the feedpoint 
and starts back toward the 
station. This field, too, is af¬ 
fected by line loss, so the 
"reverse" indication on your 
swr meter gets smaller near¬ 
er the rig. More "forward" 
and less "reverse" signal 
near the transmitter: That's a 
lower swr. 

Fig. 2 illustrates how the 
line loss under perfectly 
matched conditions (as de¬ 
termined from Fig. 1) affects 
the swr difference between 
the station and antenna 
ends of the feedline. The dif¬ 
ference may be large Your 
transmitter sees a certain 
swr at its end of the line and 
behaves accordingly; as 
such, you may have an swr 


greater than the transmitter 
can tolerate at the antenna 
feedpoint but still get away 
with it because line loss 
reduces the swr at the sta¬ 
tion to an acceptable value 
for the transmitter output 
circuits. 

This difference between 
feedpoint and station swr 
may come to you as an un¬ 
welcome surprise: Your swr 
may be much higher than 
you thought! Perhaps you 
were laboring under the illu¬ 
sion that it was 1.7 all this 
time, and now you find out 
that it's really 4, and perhaps 
even higher (if your coaxial 
cable is very old). The good 
news is that the loss caused 
by swr is nowhere near as 
great as most people think. 
But certainly something is 
out of adjustment if you 
have an swr of 4 with a 
beam or quad. 

A severe mismatch with a 
parasitic array could mean 
that you are not getting the 
forward gain or front-to- 
back ratio that you deserve 
Perhaps there is corrosion at 
the feedpoint and line losses 
have been hiding this fact 
from you. A large change in 
swr at the feedpoint may 
cause a much smaller 
change in the swr at the 
transmitter. 

Now, Really.. . 

The actual swr on your 
feedline—the antenna feed- 
point swr—depends only on 
the characteristics of the an¬ 
tenna and feedline as long 
as we employ the definition 
of swr based on empirical 
observation. Otherwise, swr 
is just about meaningless. 
The only practical way to 
measure it on a coaxial line 
is by using an swr indicator 
or impedance bridge. And it 
changes depending upon 
the location of the instru¬ 
ment on the line 

We need to be concerned 
only with the swr at the sta¬ 
tion and the swr at the an¬ 
tenna feedpoint. When put¬ 
ting up an antenna, it is a 
good idea to make swr 
graphs of both values for 


future reference. You don't 
have to climb to the anten¬ 
na feedpoint to get the read¬ 
ing there; just use Figs. 1 and 
2. Later, if the swr at the 
transmitter changes, you 
can use these graphs again 
to find out how much the 
swr at the feedpoint has 
changed. 


The first two definitions 
of swr that were mentioned 
and then thrown out are use¬ 
ful for one purpose, at least, 
and are therefore worth re¬ 
membering. There is a good 
chance you will be asked 
about them on your Gener¬ 
al, Advanced, or Extra class 
license test! I 



Fig. 2. Difference between station swr and feedpoint swr. 
Find the station swr on the horizontal scale and the perfectly- 
matched line loss in dB on the vertical scale. The antenna 
feedpoint swr may then be interpolated from the curves. In 
the example shown, the station swr is 2, the line loss under 
perfectly-matched conditions is 1 dB, and the antenna feed- 
point swr is 2.5. 
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Robert Gooch, lr N3DRW 
2975 Malivie w Road 
Baltimore MD 21230 


Whip the Competition 

Improve your 2m HT's "mileage"with 
this custom antenna from Datsun! 


A fter the smoke had 
cleared from my work¬ 
bench, I realized that my 
secondhand HW-202 could 
not tolerate any more re¬ 
pairs. After many years of 
service, the old Heath was 
ready for retirement. Then 
came the task of searching 
through stacks of ham mag¬ 
azines to locate a 2-meter rig 
which suited my budget. 

I decided on an HT for 
practical reasons. One 
phone call brought the new 
rig to my front door 3 days 
later. The ICOM 2AT worked 
like a dream until I tried to 
raise my club repeater from 


my work QTH — the distance 
was too great to even trip 
the COR. I then took a seri¬ 
ous look at the 30-day return 
policy. But instead, 3 days 
later I was the proud owner 
of a larger battery pack and 
higher expectations. Even 
with that, the return policy 
still looked appealing. 

Civing my "toy" one last 
chance, I took a long look at 
the rubber duck Now face 
it, every ham knows the se¬ 
cret to a good signal, and 
that's a better antenna! 
Roughly one hour later I was 
working the club repeater 
on low power, at full quiet¬ 
ing, without any changes to 
the rig or batteries. How? 
Exit the rubber duck, enter 
the "Datsun." 

Since I work at an auto ra¬ 


dio shop, finding the right 
antenna posed no problem. I 
decided on a custom an¬ 
tenna for a Datsun Stanza 
(part #FMF-75D by Harada 
Industries of America, Inc ). 
This fender antenna is all fi¬ 
berglass with a stranded 
copper-wire center conduc¬ 
tor. A clean cut at 19 inches 
from the top ball was the 
quarter wave I needed. (I 
would highly suggest using a 
grinding wheel if possible, as 
the 'glass will splinter easily 
if cut with a saw or snips.) 

I used a BNC connector 
for the 2AT, but with some 
ingenuity, other connectors 
can probably be used. The 
BNC is an Amphenol type, 
#31-4700, for RC-58/U. At 
the cut end of the whip, 
scrape 6 mm of 'glass away 


from the conductor, being 
very careful not to cut the 
copper wire inside. Next, 
trim down the circumfer¬ 
ence of the rod 14 mm past 
the 6-mm mark, so when the 
rod is pushed into the BNC 
sleeve it fits snugly up to the 
end of the 14-mm mark. 

Tin and trim the center 
wire at 4 mm. Place the BNC 
center pin on and solder it in 
place. Don't use too much 
solder. Next, carefully push 
the assembled antenna into 
the connector until the pin is 
flush with the white insula¬ 
tor at the base of the plug. 
The 'glass whip should now 
be snug in the sleeve. All 
that's needed now (and 
highly recommended) is 2 or 
3 layers of increasingly 
longer shrink tubing for sup¬ 
port about 3 inches up the 
shaft from the BNC. 

Although I have not used 
any complex antenna for¬ 
mulas in this design, it's still 
a quarter-wave antenna, and 
the body of the HT makes 
up the ground plane. I have 
used this new antenna for 
quite some time now and 
am amazed at the range I 
can get out of my rig. 

I am willing to offer a kit 
version of this antenna if 
there is sufficient interest. 
Send an SASE to the address 
at the beginning of the arti¬ 
cle if you might be inter¬ 
ested! 



Photo A. N3DRW's custom 

2-meter quarter-wave whip. Photo B. Construction detail. 
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Harry D. Hooton W6TYH 
1420 Sharmock Lane 
Lincoln CA 95648 


Exponential Potential 

The problem: A broadband antenna fed with coax 
exhibits narrowband response. The solution: Use 
this exponential-line matching system. 


I n high-power shortwave 
broadcast stations such 
as the VOA and others, the 
tapered or exponential line 
is generally used to match 
the high feedpoint imped¬ 
ance of a single-wire rhom¬ 
bic antenna to a lower-im¬ 
pedance main transmission 
line or transmitter rf output 
terminal. As an example, the 
feedpoint impedance of a 
rhombic designed for opera¬ 
tion at any frequency be¬ 


tween 4 and 21 MHz might 
have an input impedance of 
about 850 Ohms at 4 MHz, 
700 Ohms at 14 MHz, and 
625 Ohms at 21 MHz. 

When the exponential 
two-wire line is used in con¬ 
junction with a lower-im¬ 
pedance main transmission 
line, the characteristics of 
the wide-frequency-band 
antenna are not restricted 
by transmission-line limita¬ 
tions. Although few hams 



Fig. 1 . Exponential line matching system for WBTYH's wide¬ 
band 75-meter antenna system, using §12 copper-wire conduc¬ 
tor (diameter = 0.08081"). S = conductor spacing in inches, 
center to center. 
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are likely to realize the 
dream of owning the ulti¬ 
mate in directional arrays. 


the exponential line match¬ 
ing section does have other 
interesting applications, es- 










pedal ly for shortwave re- 2) Divide the 60-foot length 
ceiving antennas and for into five smaller distances 
VHF and UHF arrays. of twelve feet each. Since 

As shown in Fig. 1, the the impedance of the line 
spacing between the two varies linearly, the imped- 
line conductors is greatest ance at each 12-foot point 
at the end of the section can be determined with a 
connected to the antenna, reasonable degree of accu- 
At this point, the impedance racy. Assume that the high- 
of the line is high enough to est impedance point (the an- 
closely match the imped- tenna end of the line) is to be 
ance of the antenna feed- 700 Ohms and the lowest 
point for maximum transfer impedance point (the trans- 
of rf energy. The other end mitter end of the line) is to 
of the line, in the direction be 300 Ohms. The line is to 
of the transmitter, has very be exponentially "tapered" 
close spacing between the between the spacings re- 
two conductors. If the line is quired for the two imped- 
properly designed and con- ance values, 
structed, the low-imped- 3) Now, determine the im- 
ance end of the tapered line pedance value at the 12-, 
may be easily matched, for 24-, 36-, 48-, and 60-foot 
ham purposes, to a standard points up the line. At 12 feet, 
300-Ohm TV "ribbon" line the impedance is 12/60 or 
or to a 75-Ohm coaxial line 0.2 of the difference be- 
through a 4:1 ratio toroidal tween the two end imped- 
impedance transformer, as ances plus the impedance at 
shown. the low-impedance end of 

To design and construct the line. Thus, at 12 feet, for 
an exponential line match- example, Z 2 = 0.2(700 — 
ing section, proceed as 300) + 300 = 380 Ohms, 
follows: Likewise, at 24 feet the im- 

1)The length of the line pedance is 24/60 or 0.4 of 
should be approximately a the difference between the 
quarter wavelength long at two end impedances plus 
the lowest frequency at the impedance at the low- 
which the array will be oper- impedance end of the line, 
ated. For an amateur-radio Numerically, Z3 = 0.4(700 
antenna system designed for - 300) + 300 = 460 Ohms, 
the lowest operating fre- At 36 feet, Z 4 = 0.6(700 - 
quency of 4 MHz (75 meters), 300) + 300 = 540 Ohms. At 
the length will be 60 feet. In 48 feet, Z5 = 0.8(700 - 300) 
the following discussion, we + 300 = 620 Ohms. At the 
will assume a line 60 feet top end, Z$ = 1.0(700 — 
long to be constructed from 300) + 300 = 700 Ohms. Z^ 
#12 copper wire (diameter at the bottom end, equals 
0.08081"). 276 log 10 2S/d, where S is the 



Fig. 4. Exponential line matching system for a wideband 
40-meter antenna system, using #14 copper-wire conductor 
(diameter = 0.064"). S = conductor spacing in inches, cen¬ 
ter to center. 



Fig 3. (a) A triple-conductor system for 75 meters, (b) Meth¬ 
od of coupling exponential line to a transmitter. 


center-to-center spacing be- spacing between the two 
tween the two conductors conductors expressed in the 
and d is the diameter of one same basic units as d. 
conductor. Both S and d As an example, for the 
must be expressed in the 700-Ohm impedance point 
same basic units. (top), using #12 copper wire 

4) To determine the cen- with a diameter of 008081 
ter-to-center spacing, S, be- inches, S = (0.08081 X anti¬ 
tween the two conductors at logio (700/276)V2 = 13.9 = 
the various points along the 14 inches, 
line, use the following for¬ 
mula: S = (d X antilog-to Wideband 75-Meter 
(Zq/ 276))/2, where Zq is the Antenna System 
impedance at the point on At W6TYH, we used a 
the line (above), d is the di- half-wave, centerfed di¬ 
ameter of one conductor, pole, cut to 3.75 MHz for 

and S is the center-to-center many years. This single-wire 



Fig. 5. (a)A triple-conductor system for 40 meters, 
(b) Method of coupling exponential line to a transmitter. 
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antenna was fed by a tuned plates of the variable air-di- 
feeder system made from electric capacitor, causing 
two #12 copper wires 60 feet the circuit to detune, result- 
long spaced 6 inches apart ing in an excessively high 
At the source end of the swr on the coaxial transmis- 
open-wire line, the system sion line. As a result, the sys- 
used a parallel-resonant cir- tern could not be used dur- 
cuit coupled to a 52-Ohm ing rainy weather. The origi- 
coaxial line by means of a nal dipole antenna system is 
5-turn link coil. Although shown in Fig. 2. 
this antenna system per- The antenna system shown 
formed well when tuned to in Fig. 3 was used to replace 
the operating frequency, the the single-wire dipole ar- 
bandwidth was relatively rangement. Here, the radia- 
narrow. In order to operate tor consists of a half-wave, 
on frequencies near the centerfed dipole, but the ra- 

band edges (3.5 and 4.0 diator consists of three con- 

MHz), it was necessary to re- ductors in a folded-dipole 
tune the coupling circuit, arrangement. The first di- 
which meant opening the pole that was installed used 

52-Ohm line to check the three #12 copper-wire con- 

line swr ductors. The calculated im- 

Since the tuning circuit pedance at the center of the 
was located some distance middle wire was 675 Ohms, 
from the ham shack, this which is a close match to 

necessary adjustment was a the 700 Ohms at the upper 
great inconvenience to say end of the exponential line 
the least. Also, in spite of the section. With this arrange- 
fact that the tuning unit was ment, the swr on the 75- 
placed in a "waterproof" en- Ohm coaxial-cable line 
closure, during wet weather measured about 1.75:1. The 
moisture collected on the center conductor was re- 



Fig. 6. Graph of impedance versus length for the 75-meter ex¬ 
ponential section. Note that the curve is linear. 

placed with #14 copper wire ing section is designed in the 
and the coaxial-line swr was same manner as previously 
reduced to about 1.2:1 and described. For 40 meters, 
remained close to this value the length of the tapered 
at all frequencies between section should be about 30 
3.5 and 4.0 MHz. The system feet. For 20 meters, the 
is not affected by wet weath- length will be about 15 feet, 
er and the coaxial-line swr is The three-wire dipole should 
the same no matter what the be cut for the band center 
weather, wet or dry. frequency using the formula 

For 40 meters and the oth- 468/f, where f is the f requen- 
er bands, the tapered match- cy in MHz.B 



























William Visser s K4KI 
1245 S. Orlando Avenue 
Cocoa Beach FL 32931 


Wheatstones Are Not Crackers! 

Here's the slickest application of the Wheatstone circuit yet 
devised. The Nuller Bridge is the only instrument you'll need 
to adjust your antenna matching unit to peak performance. 


M y first exposure to and 
fright over a Wheat¬ 
stone bridge was in high 
school physics class more 
than fifty years ago, The 
many knobs, an ultra-sensi¬ 
tive string galvanometer, 
formulas, and multiplying 
factors that would choke a 
horse (combined with the 
dire warning from the in¬ 
structor, "Don't peg the 
meter!") kept me turned 
away from bridges for years. 

Later experiences were 
different. I learned that a 
simply-designed, accurate rf 
bridge circuit can easily be 
built from readily-available 
parts and that it will allow 
you to tune up your match¬ 
ing unit properly without ra¬ 
diating any appreciable 
power while at the same 


time keeping your transmit¬ 
ter swr at 1:1. In addition, a 
provision can be made to 
first tune up your transmit¬ 
ter into your dummy load 
without radiating any rf 
power at all and also to 
monitor your relative power 
output. And lastly, when 
you are all tuned up, with a 
flip of a switch your trans¬ 
mitter can be connected di¬ 
rectly into your tuner/anten¬ 
na system, and again your 
meter monitors relative 
power output. 

All of this can be accom¬ 
plished with my "Nuller 
Bridge" without ever once 
thinking of actual values of 
swr or perhaps worrying 
about what it means! 

Good accuracy for the 
bridge circuit is easily ac¬ 



F/g 1. A theoretical 50-Ohm bridge. 
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complished. First, 47-Ohm, 
'/2-Watt, 5% carbon resis¬ 
tances are readily available, 
so if we built a bridge using 
them we would have a good 
47-Ohm bridge. However, as 
almost all of our present- 
day equipment is based 
upon a 50-0hm impedance 
value, we will design for that 
figure. 

It would be possible to 
file down the 47-Ohm resis¬ 
tors to 50 Ohms, but there is 
a much easier way, In the 
theoretical bridge circuit of 
Fig. 1, if we shunt one of the 


47-Ohm resistances (RD) 
with a resistance (RE) of 736 
Ohms, we find that the 
equivalent parallel resis¬ 
tance (RB) would be equal 
to 44.18 Ohms. (RB = 47 X 
736/(47 + 736) = 44.18.) 
And now, using the basic 
bridge equation, where RX is 
the unknown resistance, RX 
= (RA X RC)/RB = (47 X 
47J/44.18 = 50 Ohms. 

Well, since I did not have 
a 736-Ohm resistor avail¬ 
able, I just picked out a stan¬ 
dard 680-Ohm, ’/2-Watt, 5% 
carbon resistor out of my 





stock and found that then 
RB would be 43 % Ohms. 
Substituting into the basic 
bridge equation, we find 
that RX = (47) (47)/43.% = 
50.25 Ohms. This value was 
so close to the original de¬ 
sign value of 50 Ohms as to 
be indistinguishable in any 
tests I could make. 

Another reason why this 
basic bridge circuit is accu¬ 
rate is that it contains no in¬ 
ductors or capacitors and 
hence is frequency-insensi¬ 
tive. If you look at the dia¬ 
gram of a conventional in¬ 
line swr meter, you will see 
its complexity; my own ex¬ 
perience of trying to build 
one to the accuracy I want¬ 
ed proved quite frustrating. 
In comparison, the simplici¬ 
ty, ease of construction, and 
accuracy of the Nuller 
Bridge were a pleasant sur¬ 
prise, particularly as it does 
so much more for you than 
an swr meter does in tuning 
up your rig. 

Let me emphasize that 
because this unit is not an 
swr meter, it requires no swr 
scale or elaborate calibra¬ 
tion procedure. And if we 
think a bit more, we realize 
that when we tune up our 
transmitter through our an¬ 
tenna tuner, we are really in¬ 
terested only in obtaining an 
impedance match. Since the 
Nuller provides an accurate 
impedance match, why wor¬ 
ry about swr? And as the 
feature of the Nuller is to al¬ 
low the tuner to tune up for 
an impedance match with¬ 
out allowing your transmit¬ 
ter swr to be more than 1:1, 
then there is absolutely no 
reason to be concerned in 
any way with swr. 

So with this simple unit 
we have finally laid to rest 
the bogey of swr tune-up 
problems. It would have 
been possible, with extra cir¬ 
cuitry, switching circuits, 
and calibration techniques, 
to make the scale read swr, 
but as it would only compli¬ 
cate its operation and pro¬ 
vide no functional purpose, 
why not entirely break the 
hold that swr seems to have 
had on so many of us? 


The circuit is shown in Fig. 
2. It was designed for use 
with my Yaesu FT-101B with 
a key-down power output of 
about 100 Watts. Because 
the circuit is so extremely 
simple, it can be readily 
modified for use at higher 
powers by using higher 
values of resistance for the 
voltage-dropping resistances 
feeding the bridge circuit. 

Operation of the unit is 
best explained by referring 
to the diagram shown. First, 
place switch S2 in the tune 
position. RK is an ordinary 
linear 50k variable resistor 
with a switch, SI, that opens 
when the knob is fully coun¬ 
terclockwise. just like the 
volume control on most 
radio and TV sets. In the 
counterclockwise position, 
all 50k Ohms of resistance 
are in the metering circuit. 

As switch SI is now open, 
the input of our antenna 
tuner is disconnected from 
the bridge circuit. 

Also, with switch S2 in the 
tune position, the dummy 
load is connected directly to 
the transmitter. The voltage 
from the dummy load is ap¬ 
plied to the bridge circuit 
through the dropping resis¬ 
tances, RJ and RH, which 
are connected in parallel. 

The bridge is now unbal¬ 
anced because SI is open, 
and the microammeter will 
show the voltage developed 
across bridge points X-Y 
after it is rectified by the 
diode, D1, So now the meter 
shows an output that is a 
function of the power in the 
dummy load. 

This feature is an advan¬ 
tage, as even though you 
could watch for your plate- 
current dip and adjust your 
transmitter power-output 
control, you now also have 
an rf monitor right at the 
dummy load, and during 
this stage of transmitter 
tune-up your antenna tuner 
is disconnected and you do 
not radiate any power out 
Naturally, as your transmit¬ 
ter is connected only to your 



Photo A. The finished Nuller Bridge. 


dummy load, your swr at the 
transmitter is 1:1. 

Now, if you turn the con¬ 
trol knob of RK in the clock¬ 
wise direction, switch SI 
closes, the antenna tuner is 
now connected to the 
bridge circuit, and RK be¬ 
comes the sensitivity con¬ 
trol for the meter-nulling cir¬ 
cuit. Now all you have to do 
is adjust your tuning unit un¬ 
til your meter reads zero, 
and your matching antenna 
system is tuned up to fifty 
Ohms. During this tune-up 
process, switch S2 is still in 
the tune position so that 
your transmitter is still load¬ 
ed into the dummy load; the 
swr at the transmitter is still 
1:1. And now if switch S2 is 
switched to the transmit 
position, the transmitter is 
connected directly into the 
antenna tuner which is al¬ 
ready properly adjusted, 
and you can go on the air. 

My only precaution is the 
common-sense one. It is 
best to turn your transmit¬ 
ter-output control to mini¬ 
mum when switching S2 to 
avoid possible momentary 
transients. This is a general 
safety precaution in switch¬ 
ing all rf circuits carrying 
appreciable power. 

Now, with switch S2 in the 
transmit position, the volt¬ 
age-dropping resistance, 
RM, provides voltage to the 
bridge, which is again unbal¬ 
anced because the antenna- 
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tuner input is no longer con¬ 
nected to point Y on the 
bridge. As before, the bridge 
voltage across points X-Y is 
rectified and fed through 
the diode to the meter and 
provides a power-output 
monitoring system; at this 
time, RK acts as a sensitivity 
control. 

The two fixed capacitors. 
Cl and C2, and RF provide a 
filter circuit to electrically 
isolate the metering circuit 
from any rf from the bridge 
circuit. None of the values 
of any components is criti¬ 
cal, and I just used what I 
had available. 

The only special care I 
took when building the unit 
was to place jacks jl and J2 
on one side of the box and 
J3 at the other side, as 
shown. The components 
were just soldered to an or¬ 
dinary strip connector and 
all grounds brought together 
at one point before ground¬ 
ing to the chassis. The three 
jacks were grounded only to 
the case, as the metal pro¬ 
vided sufficient conductivi¬ 
ty without any need for ad¬ 
ditional wire connections 
between them. Although I 
was fortunate in having 
picked up a small 50-micro¬ 
ampere meter at a hamfest 
for fifty cents, any 50-micro¬ 
ampere meter will operate 
satisfactorily. The unit 
worked exactly as planned 
with no problems encoun¬ 
tered. 
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Parts List 

Chassis box, 4x5x3 inches* 

D1 — 1N34A diode* 

Cl, C2—,005-uF capacitors 
M—0-50 microammeter 

RA, RC, RE—47-Ohm, Vi-Watt, 5% carbon resistors* 

RD—680-Ohm, Vi-Watt, 5% carbon resistor* 

RJ, RH—3.3k, 2-Watt, 10% carbon resistors 
RM—5.1k, 2-Watt, 10% carbon resistor 
RF—3.3k, ’/i-Watt, 10% carbon resistor 
J1, J2, J3—SO-239 coax connectors* 

RK—50k linear taper, variable resistor, 271-1716* 

51— Potentiometer switch for RK, 271-1740* 

52— 6-Amp DPDT switch (Note: For higher powers, a heavy- 
duty, G. C. Electronics Co., catalog number 35-144,10-Ampere 
DPDT switch can be used.) 

* These parts available at Radio Shack. All other parts were 
readily available at local electronics stores. 


When I am through using 
my transmitter, I switch S2 
back to the tune position 
and then turn RK counter¬ 
clockwise so that switch SI 
is open. This isolates the 
transmitter from the anten¬ 
na-tuner system and is a nice 
precaution to avoid possi¬ 
ble induced voltages from 
nearby electrical lightning 
discharges. (Florida leads 
the nation in electrical 
storms and every method of 
protection is desirable.) 
However, this method is in 
no way a substitute for your 
regular lightning protection 
methods 

In addition to ensuring 
that your transmitter tune- 
up swr is always 1:1, the unit 
has another major advan¬ 
tage, When using the ordi¬ 
nary method of tuning up, 
with your transmitter direct¬ 
ly coupled through your 
matching unit to your anten¬ 
na, it is easily possible to 
find combinations of set¬ 
tings on your matching unit 
that can either present se¬ 


ries-resonant circuit condi¬ 
tions to your transmitter or, 
in other cases, produce im¬ 
pedances much higher than 
50 Ohms. Either case can be 
dangerous to your expensive 
equipment. This unit elimi¬ 
nates that possibility. 

Another feature is that 
when tuning up directly into 
your matching unit, there is 
interaction between your 


transmitter's output con¬ 
trols and the controls on 
your tuner that often make 
you wish you were an octo¬ 
pus. This unit also eliminates 
this interaction problem. 

In my own case, just for 
fun, I borrowed a Bird watt¬ 
meter from a friend, cali¬ 
brated the unit for power 
output vs. meter reading for 


the dummy-load position, 
drew a curve, and pasted it 
on the back of the unit for 
reference There is no real 
need to do this, but it is a 
quick way to find out if your 
rig is putting out properly if 
trouble develops 

No decals were pasted on 
the unit. (At age 72, I find it 
hard to line up the letters 
and make them stick to the 
shiny grey enamel of the 
small chassis.) Besides, with 
only two controls, the oper¬ 
ation becomes almost auto¬ 
matic after using it a tew 
times. 

The ease of construction 
of the unit lends itself to all 
amateurs, and its utility 
solves all of the vexing swr 
problems previously en¬ 
countered.* 
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Your Second Best Piece 
Of Monitoring Gear 



Next to your receiver, a subscription to 
Monitoring Times is your most valuable tool for 
communications monitoring. This fact-filled 
monthly tabloid (hardware not included!) is 
written just for you, the listener, bringing you 36 
pages of concise information on how to improve 
your listening post, where to look for those 
elusive signals, exciting home-brew projects— 
and more! 

Call Now Toll-Free! 

Dial I 800 438-8155 (COM US e« 
cept NCJ lo plate your suBstnpMn 
for 2 or 3 rears on Mastercard or 
Visa. Or for 1-year subscription, maii 
your check to Grove, Dept K, 140 
Dog Branch Road, Brassiown, N C 
28902 Office ph 704-837 9200. 




Free Sample Available 
Upon Request 
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Stan Cihilisco W1GV 
PO Box 144524 
Coral Cables FL 33114 


A New Angle for Dipoles 

Stand them on end! Sounds odd , but W1GV 
presents an excellent case for HF vertical dipoles. 


V ertical antennas have 
always fascinated me 
Many people don't think 
they work well or have tried 
them and had marginal re¬ 
sults. But the vertical is a 
temperamental antenna. It 
has to have what it needs in 
order to do its thing. A well- 
designed vertical with an ex¬ 
cellent ground plane will 
provide DX performance 
comparable to much larger 
and more expensive systems 
installed in less optimal 
places. 

Recently I got the oppor¬ 



tunity to stay in a home on 
the ocean. A thought came 
to me: salt-water ground 
plane. Another thought: ver¬ 
tical needing no radial sys¬ 
tem A third idea: vertical 
dipole, giving 3-dB gain at an 
almost horizontal angle of 
radiation over a huge pond 
of highly conductive ocean. 
How could it fail? 

Vertical Dipoles 
Most hams think of a ver¬ 
tical antenna as a quarter- 
wave device, requiring a 
good ground system and ra¬ 
diating much of its energy in 
a horizontal plane. All three 
of these ideas can be chal¬ 
lenged. You don't have to 
use a quarter-wave radiator, 
you do not necessarily need 



' 777777777^77777777777 


a good earth ground, and a 
vertical will not always have 
good low-angle radiation. 

We all know the general 
radiation pattern of a half¬ 
wave dipole Maximum ra¬ 
diation occurs perpendicu¬ 
lar to the wire, and the least 
radiation is in line with the 
wire—assuming the anten¬ 
na is straight. If a dipole is 
set up in an east-west direc¬ 
tion, for example, the best 
radiation will occur in north- 
south directions (generally) 
and the least in the east and 
west directions. A lot of sig¬ 
nal also goes up into space 
at high angles; quite a lot 
may even go straight up, and 
that doesn't do you any 
good at all. The same pat¬ 
tern holds for receiving. 

For some reason, it 
doesn't often occur to peo¬ 
ple that they can turn the di¬ 
pole sideways. Perhaps that 
is because the idea seems 
aesthetically inelegant: The 
feedline would have to 
come out from the center of 
such an antenna and be sup¬ 
ported horizontally (Fig.1); it 
would look funny. Well, so 
what? 

A half-wave vertical di¬ 
pole is impractical for some 


hams to install because of 
its sheer height. At a fre¬ 
quency of f MHz, the height 
must be (in feet) 468/f, ap¬ 
proximately, for half-wave 
operation. This is practical 
at frequencies above about 
10 MHz for most of us; it is a 
challenge at 7 MHz, and al¬ 
most an impossibility at 3.5 
MHz. Don't even think 
about the idea at 1.8 MHz 
unless you live on a ranch 
and have connections with 
the FAA. I decided, there¬ 
fore, to build the antenna 
for operation at frequencies 
above 10 MHz. 

A dipole antenna can (and 
ideally should) be fed with a 
balanced, open-wire feed¬ 
line. This is no less true for a 
vertical dipole than for a 
horizontal one. I decided to 
use parallel-wire line with 
this antenna, in conjunction 
with a matching network, to 
obtain multiband operation. 

Dimensions 

The physical dimensions 
of this antenna are shown in 
Fig. 2. The structure is 
slightly less than 20 feet high 
and has capacitance hats at 
both the top and the bot¬ 
tom. The capacitance hats 
effectively increase the 


Photo A. The base mount 
used at W1GV/4 was crude 
but efficient. 
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Fig. 1. Configuration of a 
centerfed, balanced, verti¬ 
cal dipole. 
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length, so that the antenna is 
resonant (as a half-wave ra¬ 
diator) near14MHz. The ca¬ 
pacitance hats also reduce 
end effects and broaden the 
bandwidth at the resonant 
frequency. 

The antenna is fed with 
TV-type ribbon line (the best 
I could find). The length is 
not critical, except, of 
course, it should be as short 
as possible to minimize loss. 
Certain lengths may result in 
difficulty "loading up" the 
system at some frequencies; 
this can be eliminated by 
adding or subtracting a few 
feet of line. This will be dis¬ 
cussed in more detail later. 

The radiator was placed 
about 4 to 6 feet (depending 
on tides) above the level of 
the water. Because of the 
vertical orientation of the ra¬ 
diator, there is more capaci¬ 
tance effect in the bottom 
half of the antenna than in 
the top half. This causes 
some unbalance, but I didn't 
worry about it. (It did not 
seem to harm the perfor¬ 
mance of the antenna.) 

The line was run away 
from the antenna at a right 
angle—at least as near to a 
right angle as possible—all 
the way to the station. This is 
always advisable with any 
dipole antenna; it helps to 
maintain electrical balance. 
The line at W1GV/4 was 
about 60 feet long, but, of 
course, it is desirable to have 
the shortest line length pos¬ 
sible to minimize loss. 

Theory of Operation 

The primary objectives in 
building this antenna were: 
(1) to obtain a low angle of 
radiation at frequencies 
from about 10 to 30MHz, (2) 
to get relatively good effi¬ 
ciency, and (3) to have phys¬ 
ical ruggedness and fairly 
small size. I think this an¬ 
tenna meets all these re¬ 
quirements very well. And it 
doesn't cost much to build. 

The antenna works as a 
half-wave dipole around 14 
MHz. At higher frequencies, 
the current loops move out¬ 
ward from the feedpoint, as 
shown in Fig. 3. At 28 MHz, 



Fig. 2. The design used at 
W1CV/4 employed capaci¬ 
tance hats. The overall 
height was 20 feet minus 2 
inches of overlap at the cen¬ 
ter. 


the antenna is effectively a 
vertical, 2-element col I inear. 
This produces a theoretical 
gain of 3 dB over the field 
strength at 14 MHz. The 
presence of the salt-water 
ground plane, nearly per¬ 
fect, should result in about 2 
dB more gain than would be 
had if the antenna were in a 
free space. One could ex¬ 
pect that this antenna would 
perform spectacularly at 14, 
21, and 28 MHz, and this ex¬ 
pectation proved well 
founded. 

You might wonder why I 
have paid no attention to 
swr. The reason is that par¬ 
allel-wire line has very low 
loss, and even if the swr is 
quite high, this loss remains 
low. Ordinary TV ribbon line 
is less lossy, for a given swr, 
than the finest RG-8/U coax¬ 
ial cable. I would imagine 
that the swr is around 5:1 on 
the line at14MHz; it is prob¬ 
ably higher at 21 MHz and 
28 MHz, but not much. I 
would have preferred to use 
open-wire (ladder) line for 
this antenna since it has 
even lower loss than TV rib¬ 
bon, but in this particular 
isolated tropical paradise, 
such a rarity simply cannot 
be found. 

One note: When using TV 
ribbon with a fairly high swr, 
you can't get away with high 
power. You would fry the 
line at current loops, and 
arcing would be very likely 
at voltage loops. A power 
output of about 150 Watts is 
the highest I would dare em¬ 
ploy. 



Fig. 3. Current distribution 
(theoretical) for the antenna 
at 14,21, and 28 MHz. Some 
gain occurs at 21 and 28 
MHz as a result of the dual 
current loops. 


Construction 

Aluminum tubing would 
be ideal for constructing this 
vertical dipole. I chose gal- 
vanized-steel electrical con¬ 
duit for two reasons: (1) This 
area can be quite windy at 
times, and (2) none of the 
hardware stores nearby had 
any aluminum tubing. A 
complete parts list is given. 

The bottom section of the 
antenna is identical to the 
top section except that 3/4- 
inch tubing is used on the 
bottom and 1/2-inch tubing 
is used on the top. The two 
sections do not telescope 
perfectly; there is some 
clearance. Wrap the lower 2 
inches of the top section 
with plastic electrical tape 
until the sections telescope 
perfectly. Insert the top sec¬ 
tion 2 inches into the bottom 
section, and put more elec¬ 
trical tape just above the top 
of the bottom section to 
keep the top conduit from 
sliding down. This provides a 
mechanically strong center 
insulator (Fig. 4). 

The top and bottom ca¬ 
pacitance hats are made by 
first cutting each of the alu¬ 
minum "slats" in half, giving 
four 3-foot sections. One 
end of each section is then 
bent at a right angle (Fig. 5). 
Hose clamps are used to at¬ 
tach the slats to the ends of 
the conduits (Fig. 6). The 
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Fig. 4. Construction of the 
center (feedpoint) insulator. 


completed antenna looks 
very much like a capital let¬ 
ter I—in fact, if you put it to¬ 
gether right, exactly! 

The parallel-wire line is at¬ 
tached to the feedpoint, or 
the center of the antenna, 
using hose clamps. It is a 
good idea to tin the ends of 
the feedline wires, espe¬ 
cially if you live in a place 
where corrosion could be a 
problem (such as this QTH). 
It is best to wrap the con¬ 
tacts with tape before put¬ 
ting on the hose clamps. 
After the hose clamps have 
been secured over the insu¬ 
lated contacts, twine or 
electrical tape should be 
used to prevent undue strain 
on the wires at the feedpoint 
(Fig. 7). Plug the top of the 
antenna with the cork. 

These procedures com¬ 
pleted, the antenna is ready 
to be mounted. There are 
numerous ways of mounting 
a vertical antenna, and the 
particular method you use is 
up to you. I roped the base 
of the antenna to a wooden 
pole on the dock, using 
small wooden blocks as in¬ 
sulators (see Photo A). This is 
a rather sloppy way to do it, 
but I was more interested in 
DX than aesthetics. The 
main consideration is that 
the base of this antenna is 
not at a current loop but at a 
current node (voltage loop). 
This makes it essential that 
the base mounting have as 
little capacitance as possi- 
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Frequency Range 
28 MHz-54 MHz 
14 MHz-29.7 MHz 
10 MHz-21.45 MHz 
7 MHz-14.35 MHz 
3.5 MHz-7.3 MHz 


80' 


Overall Width of 
Capacitance Hat 


24' 


Table 1. Dimensions for various frequency ranges. The 
ranges shown are for optimum operation; the antenna will 
perform reasonably well at frequencies somewhat outside 
the indicated limits. 


ble so that the balance of 
the antenna will not be up¬ 
set. At my QTH, the bottom 
of the antenna is about 4 to 
6 feet above the salt-water 
ground plane —sufficient 
clearance to minimize im¬ 
balance that might be 
caused by capacitance be¬ 
tween the ground plane and 
the bottom end of the an¬ 
tenna. 

Having strung the feed¬ 
line from the antenna to the 
station and having made 
sure that the line ran away 
from the antenna at a right 
angle for as great a distance 
as possible, the testing 
phase began. 

Testing 

To my dismay, the an¬ 
tenna failed at first to tune 
up on the fundamental band 
of 14 MHz. It tuned up fine 
on 21 and 28 MHz. It refused 
to accept power at 7 MHz, 
but to my astonishment, it 
was possible to get a very 
low swr at 3.5 MHz. 

Open-wire lines, although 
relatively low in loss even 
when the swr is high, have a 
peculiar idiosyncrasy. The 
impedance at the station 
end of the line can vary tre¬ 
mendously depending on 
the length of the line. I 
would imagine that the feed- 



Fig. 5. The aluminum slats 
are bent at one end to facili¬ 
tate attachment to the top 
and bottom of the antenna. 


point impedance of this an¬ 
tenna is about 60 Ohms at 
14 MHz (lower than the the¬ 
oretical 73 Ohms, owing to 
the capacitance hats). 

The TV ribbon has a char¬ 
acteristic impedance of 300 
Ohms. This means that the 
swr is 300:60, or 5:1 If the 
feedline were exactly 1/2 
wavelength long, the imped¬ 
ance at the station end 
would be 60 Ohms, a man¬ 
ageable value. But it could 
range as high as 1,500 Ohms 
(300 x 5) or as low as 60 
Ohms (300/5). Many trans¬ 
matches will handle imped¬ 
ances of several hundred 
Ohms, but it is expecting 
quite a lot if you want one to 
match an impedance of 
1,500 Ohms. I concluded 
that the line length was 
such, at 7 and 14 MHz, as to 
result in an impedance too 
high for my transmatch to 
deal with. This problem 
proved to be fairly simple to 
solve: All I had to do was cut 
the line length by a few feet. 
I did this by routing it 
through a different window. 
Adding a few feet of line 
would have worked just as 
well, but it is always desir¬ 
able to minimize the line 
length to get the least 
amount of loss. 



of the slats. 


Finally I got this antenna 
to tune up on all bands, 3.5 
through 29.7 MHz It was 
time to check it out. I chose 
15 meters first 

I must confess to a certain 
fondness for QRP, especially 
when it comes to antenna 
testing. You don't test a new 
antenna with a kilowatt- 
even a battery of light bulbs 
will get some DX when using 
that much power. You don't 
use even 200 Watts output, 
nor 100 Watts, nor, in my 
opinion, 50 Watts. If you 
want to find out how wel I an 
antenna really works, you 
use very low power—some¬ 
thing like 5 Watts. That is the 
output power I employed to 
test this antenna. 

Caribbean DX came eas¬ 
ily on 15 meters during the 
daytime. The ideal ground 
plane, a southeastern expo¬ 
sure, and the low angle of ra¬ 
diation worked together to 
give me 589 and 599 reports 
consistently on CW. Even 
from "stingy" stations which 
had no compunction about 
giving out 549 or 559 reports 
to their contacts (DX sta¬ 
tions don't have to be gen¬ 
erous), I got 589 and 599 re¬ 
ports—with five Watts. 

On 20 meters, the situa¬ 
tion was comparable. 

On 40 meters, contacts 
were harder to make. I did 
not expect that this antenna 
would work very well on 40 
meters since it was originally 
designed to work at 10 MHz 
and above. (I don't have 10- 
MHz capability yet, so I 
could not test this antenna 



Fig. 7. The feed line is con¬ 
nected to the center of the 
antenna using hose clamps 
and electrical tape (see text 
for details). 


at the 30-meter paradise.) I 
did have a few rag-chews 
amidst the heterodynes of 
the shortwave broadcast 
stations, but the reports 
were marginal. 

Using this antenna at 3.5 
MHz gave no surprises. The 
fact that it tuned up was ev¬ 
idently a coincidence, re¬ 
sulting from the line length 
and the length of the an¬ 
tenna elements. A few con¬ 
tacts were made, but with a 
20-foot antenna and 5 Watts 
of output power, you 
wouldn't expect spectacular 
reports, and they weren't. 
All of the stations I con¬ 
tacted, moreover, were in 
the continental United 
States, opposite the salt¬ 
water exposure. 

When I tried to test this 
antenna on 28 MHz —where 
it should have a theoretical 
gain of 5 to 6 dB —I had a 
problem. There was no one 
on the band. I checked the 
sun with a telescope and 
found a possible reason. Its 
yellow disk was as perfect as 
could be. Not a spot on it. 

Conclusions 

I began with the belief 
that there could be no rea¬ 
son why this antenna design 
should not work, at least at 
frequencies of 10 MHz and 
above. Test results have 
shown that the antenna does 
indeed work. 

Larger versions of this an¬ 
tenna can, of course, be 
built. In the ideal case, the 
antenna height should be 
between 1/2 and 1 wave¬ 
length at the desired operat¬ 
ing frequency. A height of 
less than 1/2 wavelength 
would result in reduced ra¬ 
diation resistance and. 
therefore, lower efficiency. 
A height of more than 1 
wavelength would cause the 
angle of radiation to in¬ 
crease, and this would be 
detrimental to DX opera¬ 
tion. This antenna, whatever 
its size, is therefore work¬ 
able over only a 2-to-1 fre¬ 
quency range for optimum 
DX. 

Capacitance hats are not 
really necessary with this an- 
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Parts List 

1 10' steel or aluminum con¬ 

duit, 1/2'o.d. 

1 10' steel or aluminum con¬ 
duit, 3/4'o.d. 

2 Aluminum “slats,” 6' long 
by 3/8'wide 

4 1" hose clamps 

1 Roll electrical tape (plastic) 

1 Base mounting apparatus 

(up to builder how to mount) 
1 Cork for plugging the top 
1 Length of parallel-wire line 


tenna, but I have always be- 
lieved in using them 
because they increase the 
bandwidth of any antenna. 
They also lessen the physi¬ 
cal length necessary to get 
half-wave resonance on a 
given frequency. Some phys¬ 
ical dimensions of this an¬ 
tenna, for various frequency 
ranges, are given roughly in 
Table 1. You might want to 
build an antenna similar to 
this one for operation at fre¬ 
quencies of 7 to 14 MHz, for 
example, or even 3.5 to 7 
MHz if you happen to have 
the real estate. 


Don't forget that while 
the optimal DX frequency 
range of this antenna is 2 to 
1, it can function very well 
above the maximum fre¬ 
quency and below the mini¬ 
mum. A good radial system 
consisting of wires buried in 
the ground or run along the 
surface of the earth will en¬ 
hance the performance (un¬ 
less you happen to live on 
the shore of a large body of 
salt water, in which case ra- 
dials aren't really needed at 
all). 

I would recommend the 
use of open-wire ladder line 
and not TV ribbon, if you 
can find such line in your lo¬ 
cale. 

A good transmatch is an 
absolute necessity. 

It is also helpful if you 
have neighbors who don't 
mind the looks of a bizarre 
antenna such as this one. 
Who knows—you might be 
communicating with hostile 
aliens from another gal¬ 
axy! 


Go From “S-l” To “S-9 + 20dB’ 
With 2 Great 1.2 GHz Antennas 


FREQUENCY RANGE: 1260-1300 MHz 
(BOTH ANTENNAS) 


MOBILE 

Gain 7.5 dBi 
VSWR 1.5 or Less 
Max. Pwr. 100 Watts 
Type/Style 5/8-Wave. 
3-Step ColHnear 
Length 30.5 inches 
Connector NP Type 

GP-1200M 

$69.50 


BASE/REPEATER 

Gain 12.5 dBi 
VSWR 13 or Less 
Max. Pwr. 50 Walls 
1/2-Wave, 19-Step 
ColHnear 
6 Ft. 6.5 inches 
Connector NJ Type 

GP-1219 
$1 12.50 


WORK THE HF WARC BANDS 

3-BAND TRAP VERTICAL DUAL-BAND MOBILE 

10/18/24 Megahertz 18/24 Megahertz 

VSWR Less Than 1.5 1/4-Wave, Base-Loaded 

Length 15.92 Feet VSWR Less than 1.5 

Max. Pwr. IkW SSB Length 6.28 Feet 

$ 139.50 Max. Pwr. 200 Watts SSB 

$49.50 

Prices Include UPS Shipping 
California Residents Add 6% Sales Tax 



1275 N. Grove Street 
Anaheim, CA 92806 


MOVING? 

SUBSCRIPTION 

PROBLEM? 

Get help with your subscription by 
calling our new toll free number: 

1 - 800 - 645-9559 * 

between 9 a.m. and 5 p.m. EST, 
Monday-Friday. 

If possible, please have your mailing label 
in front of you as well as your cancelled 
check or credit card statement if you are 
having problems with payment. 

If moving, please give both your 
old address and new address. 

•New York State residents call 1-800-732-9119. 


1985 

A.R.R.L. National Convention 

Louisville, Kentucky 

Sponsored by The Greater Louisville Hamfest Assn. 

October 4th, 5th and 6th 

From 12BB to 1BB8 Friday, BBBB to 1SBB Saturday. 

08BB to 1680 EOT Sunday 

At the Kentucky Fair and Exposition Center 
Take exit 12B off of 1-264 in Louisville 
Over 250,000 sq. ft. of Floor Space 
Devoted to the Convention 
Gigantic Exhibitors Area and Flea Market 
Technical Forums, A.R.R.L. Meeting, 
Fabulous Ladies Program 
Camping Available on Grounds — 
Contact KFEC, P.O. Box 37130 
Louisville Ky. 40233 (502-366-9592) 
Convention Motel — Executive West, 
Directly Across From Convention Site 
Contact (502-367-2251) 

For, Information Contact 
The Greater Louisville Hamfest Assn. 
P.O. Box 34444, Louisville, Ky. 40232 
_ or Rhone (502) 368-6657 _ 


"When You Buy. Say 73" 
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K. C I ones KA8RCI 
620 Meadow Drive 
Newark OH 41055 


Six for Two 

Get range-tested 12-dB gain for under $5! K.C. Jones engineered 
this 2m delta beam for maximum bang per buck. 


H ere it is, just what the 
world needs, another 
article on two-meter anten¬ 
nas. It has been so long since 
STS-9 touched down that 
one would think enough has 
been said about the con¬ 
struction of two-meter an¬ 
tennas for working the 
shuttle. Well, I wanted to get 
my two cents in before I con¬ 
sider the case closed. 

I had quite a lot of fun 
building this antenna and I 
learned a little in the pro¬ 
cess. One of the things I 
learned was that in ham ra¬ 
dio it is not necessary to buy 
when you can build —and 
the learning experience is 
great I will show you the 
somewhat unusual way I 
built this antenna while 
spending very little money. 


My need for a two-meter 
antenna with gain and direc¬ 
tivity came about in the 
same way it did for many 
others...the scheduled 
launch of STS-9 was drawing 
nigh. Since money is always 
tight in our household, my 
only options were to build 
an antenna or forget the 
idea of working the shuttle 
entirely. 

Nearly all of the ham 
publications at the time con- 
tained an article about 
building an antenna for 
working the shuttle. The 
most popular seemed to be 
some form of a turnstile an¬ 
tenna, which didn't suit my 
needs I thought that if I 
were going to spend my time 
building an antenna, I would 



The six-element delta-loop antenna for 146 MHz. 
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like to be able to use it for 
some other purpose besides 
the shuttle. 

Remembering an old TV 
antenna in the attic and 
finding an old 1970 ARRL 
Antenna Book brought 
about interesting possibili¬ 
ties. I had visions of some 
sort of beam antenna built 
entirely of salvaged parts 
from the TV antenna. A sim¬ 
ple yagi would do the job, or 
maybe a quad for both ver¬ 
tical and horizontal polari¬ 
zation. But for some reason, 
the three-element delta- 
loop configuration in the 
book caught my eye. 

Configuration 

At first I thought the 
three-element delta loop 


would be the antenna that I 
would build; however, I 
soon realized that five or six 
elements would be possible 
with the amount of alumi¬ 
num that could be salvaged 
from the TV antenna. The 
first step I took was to come 
up with a design on paper. 

A graph in chapter four 
("Multi-Element Arrays") of 
the Antenna Book showed 
that the length of the boom 
of a five-element yagi 
should be just under one 
wavelength and a six-ele¬ 
ment should be just over 
one wavelength. The TV an¬ 
tenna had enough alumi¬ 
num to make seven or eight 
elements on my antenna, 
but its boom was close to 
one wavelength long so I de- 



The gamma match. There is a variable capacitor enclosed in 
the f ilm can. 



cided on building the delta 
loop with six elements. 

Now that I knew I would 
use six elements, finding the 
size of each element was the 
next bridge to cross. The An¬ 
tenna Book showed the dis¬ 
tance around the driven 
element to be 82 inches. This 
was arrived at by using the 
formula, length in feet = 
1000/f (where f is the fre¬ 
quency in MHz) found in the 
chapter dealing with rotata¬ 
ble antennas. I made the re¬ 
flector five percent larger 
than the driven element, us¬ 
ing the formula, length in 
feet = 1050/f, and by using 
the formula, length in feet 
= 950/f, the first director 
was made five percent 
smaller. The sizes of these 
elements followed closely 
the sizes of the elements de¬ 
scribed in the article in the 
Antenna Book. 

Now I had three directors 
to add. I knew the additional 
directors would decrease in 
size from the driven ele¬ 
ment, but not at the same 
five-percent rate. I made di¬ 
rector #2 eight percent 
smaller than the driven, di¬ 
rector #3 ten percent 
smaller, and director #4 
eleven percent smaller than 
the driven element. 

Here is a list of formulas 
for the length of each ele¬ 
ment, giving the distance 
around the loop in feet: 
Reflector -1050/f 

Driven -1000/f 

Director 1 —950/f 

Director 2 —920/f 

Director 3 — 900/f 

Director 4 — 890/f 

The angle at the base of the 
loop should be 65 degrees, 
according to the article; the 
other two angles will be 
equal at 57 5 degrees each. 



Now I had six elements. 
The next question was 
where to place them on the 
boom. The reflector and last 
director were easy, one on 
one end and one on the 
other. For the spacing of the 
other elements, I had to go 
back to the ARRL Antenna 
Book. In the chapter on 
"Multi-Element Directive 
Arrays," I found a table 
showing optimum element 
spacing for multi-element 
yagi arrays. In this table, the 
formula for the minimum 
and maximum distances be¬ 
tween elements was given. 
The only thing I had to do 
was to choose a formula 
that stayed within the ta¬ 
ble's guidelines. I also had to 
remember that the spacings 
between all the elenrients 
had to add up to the length 
of the boom. 

Keeping the above in 
mind, here are the formulas 
I came up with for the ele¬ 
ment spacing on my six-ele¬ 
ment delta loop, where L = 
wavelength in inches. 


Reflector/Driven = 17L 
Driven/Director 1 = 15L 

Director1/Director2 = 17L 
Director 2/Director 3 = 22L 
Director 3/Director 4 = 28L 

Fig. 1. shows the antenna 
that I was going to build. 
(The formulas were used as 
starting points and the ac¬ 
tual spacing varied slightly.) 

Construction 

Now that I had an idea on 
paper, the next step was to 
try to build the antenna, but 
first, I had to disassemble 
the TV antenna. It was put 
together almost entirely 
with rivets, easy to drill out 
to remove the elements. 
Everything worthwhile was 
salvaged. The phasing har¬ 
ness was made of heavy alu¬ 
minum wire which I 
carefully straightened out 
and used later to make the 
top section of each delta 
loop. The wire was carefully 
measured out, for when I fin¬ 


ished cutting the pieces that 
I needed there were only 
four inches left! One of the 
plastic insulators which was 
used on the phasing harness 
was later fashioned into the 
spacer for the gamma 
match. 

When I removed the 
molded-plastic brackets 
which attached the ele¬ 
ments to the boom, I discov¬ 
ered that these same 
brackets could be reworked 
to hold the elements in the 
vertical position rather than 
horizontal, as on the TV an¬ 
tenna. 

Having already figured 
the dimensions of each of 
the six loops, I began to cut 
the elements that were re¬ 
moved from the TV antenna 
to form the outside ele¬ 
ments of each loop on my 
antenna. The ends of the ele- 
ments that had been at¬ 
tached to the brackets had 
been reinforced originally, 
so I used the same end to at¬ 
tach to the reused bracket 
on my antenna. The other 
ends were then flattened so 
that holes could be drilled in 
the flat portion to accept 
screws. After cutting and 
drilling, the outside ele¬ 
ments were cleaned on a 
buffer to remove the oxida¬ 
tion from all the areas where 
a connection would be 
made. 

Now each pair of outside 
elements was mounted to a 
plastic bracket. Originally 
done with a rivet, I used 
10x24 machine screws. At 
this time each element 
looked as shown in a), in Fig. 
2. Next, I took the heavy alu¬ 
minum wire which was so 
carefully cut earlier and 



Fig. 1. Here are the dimensions I came up with to build the pieces, they are attached to the ends of the outside ele- 
six-element delta loop. ments, which were flattened and drilled earlier. 
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A view of the bracket. Note the #14 wire strap that closes the 
loop and makes the element common to the boom. 


formed small eyes in the 
ends of each wire. Then 
each piece of wire was at¬ 
tached as the top horizontal 
piece of the element it was 
cut for. This also was done 
with 10 x 24 machine 
screws —see b) in Fig, 2. 

Now that I had six com¬ 
plete elements, I drilled the 
boom at the points men¬ 
tioned earlier. The boom 
and each plastic bracket 
were drilled so as to accept 
a 10x24 screw. Next, I slid 
each element onto the 
boom to its proper location 

Since each outside ele¬ 
ment was mounted to plas¬ 
tic, each loop was open at 
the bottom. Also, each ele¬ 
ment was insulated from the 
boom. To close each loop, I 
used #14 primary wire. At 
this time I also made each 
element common to the 
boom with the same wire. 
This was done simply be¬ 
cause the article in the An¬ 
tenna Book showed that the 
elements of the delta loop 
were all common to the 
boom. (At some later time I 
plan to make each element 
insulated from the boom to 
see what, if any, changes oc¬ 
cur.) 

Now that each element 
was mounted to its proper 
position on the boom, I had 
to figure a way to feed the 
antenna. The article showed 
that one way was with twin- 
lead. This would not be ac¬ 
ceptable for me as I had no 
way of matching it. The arti¬ 
cle also showed the antenna 
being fed through a gamma 
match made of RG-8 coax. I 
tried this, but it proved to be 
difficult to work with. After 
fumbling around with some 
other ideas, I decided to go 
back to the book 

It wasn’t in the ARRL An¬ 
tenna Book, but in an old 
amateur-radio handbook 
that I finally found the infor¬ 
mation I needed (It's not 
what you know, but where 
you look!) There, an article 
showed a yagi for 144 MHz 
being fed through a variable 
capacitor (50 pF) and a 
gamma rod five inches long 
I found a capacitor in the 
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junk box that I thought was 
around 0 to 30 pF, and the 
gamma rod was made from 
a piece of aluminum ele¬ 
ment from the TV antenna. 

The capacitor should 
have sufficient plate spac¬ 
ing to handle some power. 
The five-inch gamma rod 
didn't tune quite the way I 
thought it should, so a 
seven-inch gamma rod was 
tried and seemed to give the 
proper match. I used a plas¬ 
tic insulator from the phas¬ 
ing harness on the TV 
antenna as a standoff for the 
gamma match and a hose 
clamp as a shorting strap. 
The variable capacitor was 
sealed in a plastic 35mm 
film can. 

At this time I sealed all 
connections with spray-on 
clear lacquer. This included 
spraying the film can to 
make it air tight. 

Theory 

I am not an engineer, so I 
won't try to go into any de¬ 
tail on exactly how this an¬ 
tenna works I read that the 
input impedance of a delta 
loop is slightly more than 
100 Ohms. This will de¬ 
crease somewhat with the 
addition of more elements. I 
also read in a book called 
The VHF-UHF Handbook 
that a good rule of thumb 
for finding the size of the 
variable capacitor on a 
gamma match is to allow 15 
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pF per meter of wavelength. 
This followed closely with 
what I used on my antenna 

The size of the driven ele¬ 
ment doesn't need to be ex¬ 
act because, like a quad, the 
delta loop seems to be 
broadbanded. All of my cal¬ 
culations were based on an 
antenna for 146 MHz, and 
the antenna was built and 
tuned to 146 MHz A 30- 
Watt rig was used, and a 
wattmeter that read in re¬ 
flected power, not swr. At ei¬ 
ther end of the band there 
was only a very slight 
amount of power being re¬ 
flected, with the wattmeter 
showing a full 30-Watt out¬ 
put. Using a field-strength 
meter, there seemed to be a 
very narrow pattern off the 
front of the antenna and a 
small lobe off the back. I 
have not yet tried to draw a 
pattern of the antenna. 

An antenna range was set 
up at the '84 Dayton Ham- 
fest on Sunday of that event, 
by a group testing forward 
gain of home-brew and com¬ 
mercial antennas for 144, 
220, 432, and 1269 MHz. I 
had my antenna tested 
there, and this six-element 
delta-loop antenna that I 
built from a scrap TV an¬ 
tenna produced 121 dB of 
gain with a gain density of 
10.98. The officials said that 
the range produced slightly- 
higher-than-actual results for 
short-boom yagis At any 


rate, I was very pleased with 
how well the antenna per¬ 
formed, and I also won a 
prize for the home-brew 144- 
MHz category. 

Conclusion 

This antenna is not origi¬ 
nal in design; the delta loop 
has been around for a long 
while. The formulas I used 
for element size and spacing 
can be found in books that 
could be in any ham's li¬ 
brary. The point I wanted to 
make was that I took an old 
TV antenna that was des¬ 
tined for the trash can, did 
some research, worked out a 
few design problems, and 
built an antenna that per¬ 
forms as well as one costing 
ten times as much or more. I 
learned some things about 
antennas and about prob¬ 
lems associated with VHF 
that don't occur at HF. 

There are plenty of un¬ 
used TV antennas in the air 
today with the ever-growing 
use of cable services. As a 
matter of fact, just about a 
month ago I took down a TV 
antenna for a friend, and the 
only fee was that I got to 
keep the antenna and the 30- 
foot mast pipe. I plan to 
make a seven-element yagi 
out of this antenna. With 
just a little looking around, 
one old TV antenna can be 
found to turn into a nice 
beam antenna for the VHF 
or UHF bands. 

By the way, the "ham-in¬ 
space aficionados" have 
probably already checked 
out my call, but for the rest 
of you who might be reading 
this, no, my call was not one 
of those heard by Owen Gar- 
riott in the spacecraft, Co¬ 
lumbia. I was, however, able 
to copy him on two separate 
passes across the Midwest! 

Not too bad!B 


Parts List 

TV antenna $0.00 

Capacitor $0.00 

Machine screws, 
nuts, washers, and 
hose clamp $5.00 

Total $5.00 



Dr. Frankenstein's CB Beam 

Ravage the countryside with ten-meter rf! Create your 
antenna with refuse from the Citizen's Band graveyard. 


Robert Matthews KA3IOM 
1910 Alta vue Road 
Baltimore MD 21228 


A fter receiving so many 
inquiries and letters 
from numerous countries 
throughout the world asking 
about the design and dimen¬ 
sions of my 10-meter an¬ 
tenna, I decided that it was 
time to write an article and 
reveal the facts about this 
unique piece of hardware. 
So, if you enjoy serious IO¬ 
meter DXing, read on. 


The 10-meter band has al¬ 
ways been my favorite band 
for good DX contacts. It has 
plenty of operating space 
with its 2 MHz of band spec¬ 
trum. The 10-meter band is 
one of the best DX bands 
during the peak sunspot 
cycle, and during low sun¬ 
spot activity it offers very 
good daytime DX propaga¬ 
tion-provided you have an 
adequate antenna system. 

If you're a Novice or have 
just upgraded to General 
class and have not yet de¬ 
cided which transceiver you 
would like to purchase, 10 



Photo A. The CB to 10-meter beam. 
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meters offers a possible 
cheap solution: working 
QRP with a converted Citi¬ 
zens Band SSB transceiver. 
If you do not own one, they 
can be found at hamfests at 
reasonable prices. 

Living in a highly popu¬ 
lated residential area, with 
television Channels 2 and 5 
being watched regularly by 
neighbors, presented a prob¬ 
lem for me with TVI com¬ 
plaints whenever I cranked 
up the amplifier on 10 me¬ 
ters. Every effort was made 
to tame the TVI which my 
amplifier caused, but the 
end result was that my signal 
was overpowering that of 
the television stations lo¬ 
cated forty miles away. 

Thinking of how to in¬ 
crease my gain and directiv¬ 
ity for DX communications 
on 10 meters led me to put 
the amplifier in the closet 
for a while and concentrate 
on a highly efficient antenna 
for my 10-meter operations. 
Obviously I couldn't erect a 
monstrous beam on a small 
residential lot, so whatever 
antenna I would choose to 
erect would have to have 
each element operating to 
its maximum efficiency. 

The antenna I chose to 


build was a compromise be¬ 
tween two of the leading di¬ 
rectional antennas used in 
the 11-meter Citizens Band. 
These two antennas were 
manufactured by the Avanti 
Antenna Company: the PDL 
2 and the Moon raker 4. 

I chose the PDL 2 design 
for my driven element be¬ 
cause of these factors: 

• It is an actual 1V2-wave¬ 
length antenna, claiming 5 
dB gain over a Vi-wave di¬ 
pole. 

• The system is easily ad¬ 
justable with the gamma 
rods. 

• The PDL 2 offers vertical 
as well as horizontal polari¬ 
zation. 

• The end-to-end length of 
the element is only 13 feet. 

The reflector was of quad 
design similar to that which 
is used with both the PDL 
and Moonraker. 

The two directors used 
were yagi design as used in 
the Moonraker antenna. The 
use of quad directors did not 
show any benefits as far as 
gain or directivity, so the 
yagi-style directors from the 
Moonraker were utilized to 
keep antenna weight and 
size to a minimum. 




Fig.1. The booms are joined together with a section of 
dowel. 


Construction 

Both the Moonraker 4 
and the PDL 2 booms were 
used. Assemble the three 
Moonraker boom sections 
together to form a total 
length of 186 inches end to 
end. Do not fasten these sec¬ 
tions until all elements and 
the mast mount are in place. 
The PDL boom section can 
be joined to the Moonraker 
boom with a wooden dowel 
or a short (two-foot) section 
of 1 Va-inch-diameter alumi¬ 
num tubing. 

Slide both boom sections 
together over the dowel (or 
the tube) until they meet. 
Drill 1/8-inch diameter holes 
in the ends of the booms; 
drill a total of six holes, three 
for each boom end. Make 
the holes about 120 degrees 
apart and about six inches 
from the seam where both 
booms are joined together. 
Refer to Fig. 1. 

From the short PDL end of 
the boom assembly, mea¬ 
sure exactly 36 inches from 
the end of the boom. Place a 
mark at this measurement 
with a scribe or marking pen. 
With a hacksaw, saw off this 
measured 36-inch piece of 
boom section and discard it. 
Now your entire boom 
length should be 207 inches 
end to end. 

Assemble the quad reflec¬ 
tor arms as per the PDL 2 in¬ 
structions. The new length 
of wire for the reflector will 
be a total of 442 inches. 
Measure and mark your wire 
carefully. This will give each 
side 110.5 inches. Before 
tightening the hose clamps 
on the fiberglass spreaders, 
make sure that the quad re¬ 
flector is not bowed due to 
over tension. 

The PDL driven element 
is assembled as per the PDL 
instruction manual except 
for these minor changes: 
Measure the outer Vi-inch 
aluminum elements from 
the flat end in and mark at 
40 inches. Slide the outer 
tubing into the 5/8-inch inner 
tubing to this mark. Measure 
all four elements in this 
manner. 


Next, the wire for the 
driven-element assembly 
must be measured. The wire 
will have a measurement 
end to end of 437 inches. 
This will give each side 
109.25 inches. Measure this 
carefully. Adjust for proper 
tension as before in the re¬ 
flector assembly. 

Now, from the end of the 
boom which was sawed off, 
measure in exactly 87 
inches. Place a mark at this 
point and drill a 1/8-inch 
hole in the boom. This will 
be used to anchor the plastic 
hub of the driven element to 
the boom assembly. 

Temporarily slide off the 
larger 1 Vi-inch boom sec¬ 
tion from the Moonraker to 
allow installation of the 
driven-element assembly. 
Now hold up the boom, and 
from the end opposite to the 
one sawed, slide the assem¬ 
bled driven element onto 
the boom, with the globe¬ 
matching section going on 
first. Align the 1/8-inch hole 
in the boom with the hole in 
the plastic hub. I secured the 
plastic hub by using a 
1 Vi * x V 8 sheet-metal screw. 
Next, tighten the metal hub 
of the globe section. When 
all is tight, reinstall the 
larger boom section which 
was removed. 

Now, from the sawed end. 




slide on the reflector and 
align the elements with 
those of the driven element. 
Tighten the hub, but make 
sure you have about half an 
inch of clearance from the 
hub to the edge of the boom. 

After both elements are 
aligned, tighten all bolts se¬ 
curely. Now measure ex¬ 
actly 26 inches from the 
plastic hub out towards the 
front. Place a mark at this 
point on the boom. Next, 
slide on the mast mount 
from the Moonraker and 
center it at the marked 
point. Align the mast mount 
with the elements on the 
boom and tighten. 

Next, assemble the two 
Moonraker directors as per 
the Moonraker instruction 
manual. Before tightening 
the hose clamps to secure 


the outer elements, label 
one element assembly #1 
and the other assembly #2. 
Next, with a tape measure, 
set the element length of di¬ 
rector#! to 195 inches tip to 
tip. If you wish to retain the 
vertical elements, do the 
same with the other two ele¬ 
ments on the hub. 

If you wish not to have 
vertical polarization, then 
assemble the hub with all 
four of the 36-inch elements 
but use only the two outer 
elements in place for the 
horizontal polarization. 
After the tip-to-tip measure¬ 
ment of 195 inches is made, 
tighten the two hose clamps. 

Next, slide the #1 director 
assembly onto the boom. 
Measuring it a distance of 56 
inches from the plastic hub, 
align the #1 director with the 






driven element and tighten 
it securely. 

Assemble director #2 as 
per the instruction manual. 
The tip-to-tip measurement 
of this element is 192.5 
inches. Remember, each 
half of an element must be 
the same length as the other 
half. Again, you may add the 
two elements for vertical po¬ 
larization if you wish, keep¬ 
ing in mind that this is only 
an option, not a necessity. 

Next, with a tape mea¬ 
sure, measure a distance of 
65 inches out from the #1 di¬ 
rector. Make a mark at this 
point with a scribe. Slide on 
the #2 director assembly, 
align it with director #1, and 
tighten it to the boom at the 
point marked. 

Adjustments 

This completes the con¬ 
struction of the antenna as¬ 
sembly. Next comes the fun 
part, adjusting the swr. This 
is not really a big chore, 
though. After placing an swr 


meter at the antenna and 
signaling to my friend Gump 
Gardner to key the trans¬ 
mitter at low power, the ad¬ 
justment produced a meter 
reading of 1.1 to 1 on 28,600 
MHz. The use of the gamma 
rods really makes this job a 
pleasure. (Gump, by the 
way, helped me with the as¬ 
sembly, and also did the 
rough diagrams for this arti¬ 
cle.) 

The shack installation 
was composed of RG-213/U; 
this cable has a velocity fac¬ 
tor of .66 and is a good qual- 
ity coaxial cable. The 
distance from the shack to 
the top of the tower was 
measured along with a few 
feet for slack. The total dis¬ 
tance in coax was made 
in half-wave multiples. 
(492 x ,66)/f = half wave¬ 
length of coax with a veloc¬ 
ity factor of .66. 

Now that we have most of 
the hard work done, it's time 
to get into the control seat 
and see just how well every¬ 


one else on the band can 
hear us with our new an¬ 
tenna; after all, isn't this 
what we're really concerned 
about? 

The first station I heard 
was a CE7. Report was 59, 
not bad for only 50 Watts 
output. Next I received a 
ZL1. His report was 53, still 
not bad for the low wattage 
that I was running. Next sta¬ 
tion to call was a W7 in Ari¬ 
zona; the report he gave was 
58 and loud and clear mod¬ 
ulation. 

Conclusion 

Well, after having my 
converted CB beam up for 
over a year now, I must say 
that I'm pretty pleased with 
the results. Not only is the 
antenna working very well, 
but I am surprised when 
many of the hams I talk with 
begin asking me questions 
about the construction of 
my antenna. Many stations, 
especially the Europeans, 
send questionnaires along 


with their QSL cards. I knew 
that the antenna was work¬ 
ing well for me, but I guess I 
really didn't realize how 
well others were receiving 
me and how interested they 
would be after learning that 
my output was only 50 
Watts PEP. 

The antenna is very 
broadbanded: 28.0 through 
29.6 MHz. The highest the 
swr reached was 1.6 to 1. An 
amazing thing I discovered 
also was that the antenna 
had an swr reading of 1.7 to 
1 on 21.2 MHz. The directiv¬ 
ity wasn't as good on 15 me¬ 
ters, but it amazed me to 
have such a low swr on this 
band. 

I hope thatthis article will 
answer a lot of questions for 
those of you wishing to build 
a good beam antenna for 10 
meters. Anyway, it just goes 
to show that you don't need 
a big amplifier to talk where 
you want to —just a darn 
good antenna. Good luck 
and happy DXinglB 
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WEATHER 
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mosphere! 


Your *16" 
includes one year 
membership and 
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73 does not keep subscrip¬ 
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therefore calling us only 
adds time and doesn’t solve 
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We occasionally make our mailing list available to 
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73 for Radio Amateurs 
P.O. Box 931 
Farmingdale, NY 11737 


Please delete my name from mailing lists sent to other 
companies or organizations. 
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City-State_Zip_ 
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John Edwards KI2U 
POBox 73 

Middle Village NY 11379 

SOLID-STATE STICKLERS 


television, calculator, and telephone- After 


3) Which of the following is rtof a H 
crystal type? 

T) nematic liquid-crystal 

2) smectic liquid-crystal 

3) isotropic liquid-crystal 

4) calcified liquid-crystal 

4) How many bits of memory does a i 






































ELEMENT 2 
TRUE-FALSE 

ELEMENT 3 
MATCHING 

Match the solid-state device In Column 
A with the description In Column B 

4) The region in a semiconductor that has 

5) The development of a transverse elec- 

2—programmable 


1) 6502 A) Small-signal PNP Iran- 

2) 1N34A B) Large-signal PNP tran- 

3) 2N1491 C) Motorola 16-bit micro 

THE ANSWERS 

Element 1: 

SCORING 

Element 1: 

Five points lot each correct 


4) 2N5461 0) Small-signal NPN tran* 

Element 2. 

1—True A crystal detector. 

Element 2: 


5) 66000 E) IGFET 

6) 2N406 F) MOSFET 

7} 40600 G) Motorola 6-bit micro- 

4—False Five volts. 

Element 3: 

ops are logic _ _ 

9) MPF122 I) 1 PJFET 

10) 2N706A J) N dual-gate FET 

K) Large-signal NPN Iran- 

6— True Used as counting devices in 

7— False They respond to analog sig- 

Five points for each correct a 

1-20 points—Your brain 

.EDs are fairly _ _ 

ELEMENT 4 

FILL IN THE BLANK 

semiconductor. 

8— False They are difficult and expen- 

9— False A klystron is a tube. 

10—True Along with selenium, boron, 

61-80 points—Replaced y 
an LCD 

81-100 points—Cold to the 

1e my guest 

that little attention is going elsewhere. 
After ail, this 20-kHz thing is a threat to the 

keep playing your silly game 
really had meaning. Keep up 1 
betna riled about the 20 kHz 


ETTERS 


'The Easy Way" by WB5IIR two years ago* pie, a 66-foot centered dipole offers less 
Surprisingly, I have encountered consid- than 100 Ohms of feedpoint impedance to 
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Each month, 73 brings you 
ham-radio news Irom around the 
world. In this collection ol re¬ 
ports Irom our foreign correspon¬ 
dents, we present the latest 
news in DX, contests, and events, 
as well as keep you abreast ol 
the technical achievements ol 
hams in other countries. 

II you would like to contribute 
to your country's column, write 
to your country’s correspondent 
or to 73 Magazine, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Perry Donham KWIO. 


air ail day until 11:00 pm local 


Radio Australia, ar 


was elected as follows—Totos Theodos- 
slou 5B4AP, president. Arts Kaponldes 
5B4JE, secretary. Pantelis Lytrides 5B4CF. 



ut somewhere, but wil 


CtechosfOvaMa 

QRP IN CZECHOSLOVAKIA 
During the last three years, the tot 
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using a cheap cable alter a $900 UHF mu! 
tlmode kind ol negates your purchase 

the lack ot pertormance ol VHF and UHF 



BOVE AND BEYOND 


















































































Propagation 

Jim Gray W1XU 
73 Staff 
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G = Good, F = Fair, P = Poor. 
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Change-Up 


BILLING IT AS THE BIGGEST CHANGE in 
its 65-year history, Herb Nelson W9IGL of 
the Radio Amateur Callbook has an¬ 
nounced a new look for the 1986 edition. 
Published on December 1st, 1985, the new 
North American Callbook will list ama¬ 
teurs not only in the United States, but 
also those in Canada, Mexico, Central 
America, the Caribbean, and Greenland. 
Also published on December 1st, the 1986 
International Callbook contains the call, 
name, and address of amateurs every¬ 
where else. Both books include the Call- 
book’s "extras”: international postal 
information, worldwide QSL bureaus, a 
census of hams, abbreviations, and so 
forth. A third publication, available June 1, 
1986, is the Callbook Supplement. Instead 
of producing three supplements per year 
per Callbook , this single volume will be of¬ 
fered—it contains new licensees, address 
changes, and call changes for both the 
North American and the International edi¬ 
tions. Anyone who has spent an hour dig¬ 
ging through three supplements to find a 
new call will appreciate having everything 
in one book. The new format will also al¬ 
low it to be sold through dealers, some¬ 
thing that was difficult at best with the old 
supplements. It isn't too early to think 
about Christmas! You can get information 
about Callbook products by writing Radio 
Amateur Callbook, Inc., 925 Sherwood 
Drive Box 247, Lake Bluff IL 60044. 

Free Passage 


NASA IS LOOKING for a few good hams to 
participate in an experiment involving a 
geostationary satellite. Volunteers will be 
given free access for two years to the tran¬ 
sponder, which has an uplink of 28-30 
GHz and a downlink of 18-20 GHz; the bird 
is scheduled for launch in 1989. You'll 
need a ten-foot dish and an "expression of 
intent" on file with NASA to play. Com¬ 
plete details are contained in a brochure 
available from Ron Schertler, MS54-6, 
NASA Louis Research Center, Cleveland 
OH 44135. 

What A Guy! 


A SECRET CONTEST has been running on 
the 73 computer bulletin board—we’ve 
been looking for the 1000th caller. And the 
winner is (drum roll): Jean Faguy VE2AKJ 
of Quebec city. Jean unwittingly won him¬ 
self a one-year subscription to his favorite 


ham rag. 73, of course! The RBBS is rap¬ 
idly closing in on caller number 2000, and 
with good reason. On it you can find scads 
of software for your microcomputer, cur¬ 
rent news including electronic editions of 
the W5YI Report and The ARRL Letter, DX 
news, bulletins, and plenty of people to 
talk to via the personal mail system. You 
can even submit your latest article for con¬ 
sideration, or tell the staff how wonderful 
you think we are! The number is (603)-924- 
9809, 300 or 1200 baud. Send a carriage re¬ 
turn or two to get things rolling. 


Empty Shelves 


AN AMAZING THING HAPPENED in Derry, 
New Hampshire. Hundreds of rabid hams 
waving fistfuls of money converged on 
Rivendell Electronics during what looked 
like a run on the bank. The occasion? 
ICOM Day! I caught up with Evelyn Garri¬ 
son KA7LPK of ICOM; from the throng sur¬ 
rounding her I thought perhaps she was 
giving away IC-02ATS as party favors. Alas, 
there were no freebies, and Evelyn was 
standing in front of an empty table—a ta¬ 
ble which had held stacks of ICOM HTs 
and low-band rigs (including the new 1C- 
735—review next month). She recounted 
the story of one fellow who had driven 600 
miles just to get a deal on his favorite rig! 
He went home happy. Standing next to Ev¬ 
elyn were George N7EZJ and Annie Bux¬ 
ton of AEA, demonstrating their new 
software to an enraptured crowd. Short ad: 
Look next month for a new packet-radio 
controller from AEA for the Commodore 
64. It will be a plug-in module that includes 
a software-selectable HF or VHF modem, 
a menu-driven terminal program, and a 
hardware HDLC. Just run a cable from the 
cartridge to your radio and you're on 
packet! Don't miss ICOM Day at your local 
dealer—tell him 73 sent you. 

Think Space! 


WHAT DO YOU THINK the United States 
should be doing in space? The National 
Space Institute has launched Space Out¬ 
reach '85, a program designed to solicit 
ideas from the general public as to poten¬ 
tial uses of space for social and economic 
benefit. The rules are pretty simple. Sug¬ 
gestions may be no longer than 750 words. 
You should not submit scientific or explo¬ 
ration projects such as a moon base or a 
Mars mission, since these ideas are al¬ 
ready being looked at by the government. 
And your proposal should be creative, in¬ 


novative, and feasible. Each entry will be 
reviewed by a panel of judges which in¬ 
cludes Walter Boyne, Director of the 
Smithsonian’s National Air and Space Mu¬ 
seum, Evert Clark, Technology Editor of 
Business Week, former astronaut Michael 
Collins, and Robert Cowen, science writer 
for The Christian Science Monitor. Out¬ 
standing submissions will be acknowl¬ 
edged with an award, and the person who 
submits the best idea will receive an all¬ 
expense-paid trip to see a space-shuttle 
launch. All of the proposals submitted will 
be compiled and presented to Congress, 
NASA, and the newly-created National 
Commission on Space. To get more infor¬ 
mation on Space Outreach '85, or to send 
in an idea, contact The National Space In¬ 
stitute, West Wing #203, 600 Maryland Ave 
SW, Washington DC 20024; (202)-484-1 111. 
The deadline for entries is November 15, 
1985. 

Smilin' Island 


THE ARRL’s DX ADVISORY COMMITTEE 
has voted to add the Pribilof Islands to the 
DXCC country list. The ten-year effort to 
put KL7/P on the list boiled down to one 
issue: While the Pribilofs are 260 miles 
away from mainland Alaska, they are only 
200 miles from the Aleutian Islands. Does 
“separation by water” apply in this case? 
In a document titled "Guidelines for Inter¬ 
preting the DXCC Country Criteria,” para¬ 
graph 2.6(b) states, “Islands.. .which are 
geographically located adjacent to an is¬ 
land or island group which have a com¬ 
mon government will be considered as 
separate entities provided there is at least 
500 miles of open water separation be¬ 
tween the two areas in question." This 
seems to say that the Pribilofs do not qual¬ 
ify for DXCC country status. But given the 
seemingly willy-nilly method of filling the 
DXCC list used in the past, it will come as 
no surprise if the ARRL Awards Commit¬ 
tee votes to accept the DXAC’s recommen¬ 
dation. 


Stringers 


AS ALWAYS, we had help in putting "QRX" 
together. This month it came from the 
W5YI Report, The ARRL Letter, Westlink, 
N2BFG, W1QMS, Amateur Satellite Re¬ 
port, Charles Kelsey, and Tony Reichardt. 
Don’t forget to send your news items to 73 
Magazine, Editorial Department, 80 Pine 
Street, Peterborough NH 03458, Attn: 
“QRX.” 
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AWARDS 




We wanted in do something special in this issue to recognize some special people who have made 73 possible 
during the past 25 years, so in February we started sending out quiet feelers to longtime observers. “Our 
25th Anniversary issue is coming up in October—name a name.” By the middle of June, we had 98 nominees. 
By the first week of July, we had gotten the list down to 37 finalists. By the end of July, we had chosen the 
25 winners of Silver Eagle mikes made by Astatic. 

What are the criteria? We don’t know, even though they’ve been discussed for months. “Bor service above 
and beyond the call of duty.” ‘‘Outstanding contributions to 73.” “Bor helping 73" “Continuous loyalty.” 
V “Excellent quality of work.” “A care.” None of these descriptions covers everyone, though, so here’s the 

official reason why we recognize the Silver Eagle winners: “Because we want to" 
l* i These people are 73's 25th Anniversary all-stars. They’re special. Some are hams and some aren’t. 

Some can put a Silver Eagle to use and some can't. Two are Silent Keys. So what? 73 doesn't forget. 
We are very proud of all of them,—Eds. 


Bill Pasternak WA6ITF. Fart of the original “Brooklyn gang” 
wiiti h helped 73 at its birth. Longtime I ..Hiking West columnist 
11973-1981). Patron of repeaters anti 
repeater coordination. Lives and breathes 
amateur radio. Champion of Watlmk. Once 
was bring paid $12 a month and ottered to 
wink for lew, No publication anywhere— 
ever—has had a finer friend. tOur continu¬ 
ing tliankvShattm. for putting up with him.) 

(lUtW-Prescm) 




Jim Allen N4DEE. Columbia SC. A randomly-selected recent 
leiter-wriier. Represents more than 61.000 others, minimum, as 
best we can conservatively estimate. 


-- 1 Nancy Salmon. Intense and overly depart- 

y f ment-defensive. Hard worker. Charged 

A | with the impossible task ol < n g.tm/mgand 

administrating tlic dramatic changes in our 
burgeoning production efforts of the early 
1980s. Successfully did it. Quietly nominated by former frontline an¬ 
tagonists who said, basically, separately, “We should think about 
Nancy Salmon” (1979-1984) 


Bill Heydolph. Produced high-quality commercial photography—■ 
lor years, always—under primitive conditions not believable, 
leapt from horizontal to vertical shooting. Always willing to stay 
late or do whatever it took to get 
things tlone—with a ‘‘yes" and a 
tired smile. Once had an assistant 
who put a road-kill bird in his 


sandwich at 


* of keeping In* 
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Talk Is Cheap 

Good news: Now you can afford a speech synthesizer! 
You have our word on it 


Thomas C. lohnson WB6NQK 
2056 £. Sutter PI. 

Oxnard CA 93033 


I t wasn't too long ago that 
speech synthesis was 
nothing but science fiction. 
Now, due to technological 
advances in the large-scale 
integration industry and 
speech analysis, it has be¬ 
come possible to put a com¬ 
plete voice synthesizer on 
one integrated-circuit chip. 
Several manufacturers have 
come out with single-chip 
synthesizers. Votrax has 


come out with the SC-01, Sil¬ 
icon Systems, Inc., has come 
out with the SSI263, and Ra¬ 
dio Shack is selling the Gen¬ 
eral Instruments SP0256 
Narrator chip. 

What these chips have in 
common is that they do not 
store just a limited vocabu¬ 
lary of preformed words— 
they contain the individual 
sounds that make up every 
spoken English word. This 
means that with the proper 
selection of these parts of 
speech, any word can be 
formed by the chip. 

I selected the SP0256 
chip from Radio Shack be¬ 


cause it was only SI 2.95; the 
others were in the S60-S80 
range. The chip can be 
found at most Radio Shack 
stores as part no. 276-1784. 
When you look for this chip, 
make sure you do not get it 
confused with part no. 276- 
1783. This also is a voice-syn¬ 
thesizer chip, but it uses an 
external ROM chip to pro¬ 
duce 36 words. It also does 
not come with the compre¬ 
hensive technical data 
booklet which accompanies 
part no. 276-1784. The chip 
included in 276-1784 will 
have SP0256-AL2 stamped 
on it 


Labial Dental Dental Alveolar Palatal Velar 

Stops: Voiceless PP TT KK 

Voiced BB DD GG 

Fricatives: Voiceless WH FF TH SS SH 

Voiced VV DH ZZ ZH* 

Affricates: Voiceless CH 

Voiced JH 

Nasals Voiced MM NN NG* 

Resonants Voiced WW RR, LL YY 

‘ These do not occur in word-initial position in English. 

Labial: Upper and lower lips touch or approximate. 

Labio-Dental: Upper teeth and lower lip touch. 

Inter-Dental: Tongue between teeth. 

Alveolar: Tip of tongue touches or approximates alveolar ridge (just behind upper teeth). 
Palatal: Body of tongue approximates palate (roof of mouth). 

Velar: Body of tongue touches velum (posterior portion of roof of mouth). 

Glottal: Glottis (opening between vocal cords). 

Fig. 1. Consonant phonemes of English. 

• October. 1985 


Speech Synthesis Basics 

There are 3 major tech¬ 
niques used to synthesize 
the human voice. These are 
formant synthesis, linear- 
predictive coding (LPC), and 
waveform digitization. 

Formant synthesis is the 
electronic modeling of the 
natural resonances of the 
vocal tract. The vocal spec¬ 
trum is formed of bands of 
resonant frequencies which 
are called formants. These 
are generated electronically 
and passed through variable 
filters. 

One variation of formant 
synthesis is known as pho¬ 
neme synthesis. This tech¬ 
nique derives the spectral 
parameters from basic 
sound units which make up 

Front Central Back 
High YR 

IY UW# 

IH* UH*# 

Mid EY ER OW# 

EH* AX* OY# 
XR 

Low AE* AW# AO*# 

AY OR# 
AR 

* Short Vowels 

# Rounded Vowels 

Fig. 2. Vowel phonemes of 
English. 




Listing 7. Synthesizer-driver source code. 


English words, called pho- plays it back when desired, 
nemes. Each phoneme is The speech is sampled by a 
given a numeric code and D/A converter and stored, 
the synthesizer circuit gen- Then, when the sounds are 
erates these sounds when to be spoken, the digital 
given the codes. A word is data is sent to an A/D con¬ 
formed by stringing various verter and a low-pass filter, 
phoneme codes together. As All the original inflections 
will be seen, the SP0256 and intonations are intact, 
chip uses a variation of pho- but the process requires 
neme synthesis called alio- large volumes of storage 
phone synthesis. space to hold a vocabulary 

Linear-predictive coding of any usable size, 
is similar to the formant-syn- In the case of allophone 
thesis technique because it synthesis, which is what this 
also is based on the frequen- project involves, when deal- 
cies found in human speech ing with human speech and 
and uses similar hardware to English text relationships, it 
simulate the vocal tract. The is important to remember 
difference is that LPC uses three things. First of all, 
stored filter coefficients, ex- there is no one-to-one rela- 
citation frequencies, and tionship between the indi¬ 
amplifier gain settings. The vidual sounds which make 
name LPC refers to the up a word and the individual 
programmed activities of letters which make up the 
the multistage lattice fil- text of the word. Second, 
ters which produce the de- speech sounds are acousti- 
sired bands of resonant fre- cally different depending on 
quencies. the position they hold in a 

Waveform digitization is word. And third, the same in- 
a technique which digitally dividual sound may be per- 
records speech and then ceived differently by the 



Fig. 3. Allophone guidelines. 


ear, depending on the rela- make up spoken words are 
tionship it holds with differ- called phonemes. Each lan- 
ent sounds. guage has a set which differs 

As mentioned before, the in some ways from that of 
individual sounds which other languages. Fig. 1 
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shows the consonant pho¬ 
nemes of English and Fig. 2 
shows the vowel phonemes 
of English. Phonemes are 
acoustically different de¬ 
pending on their location in 



a word. Each acoustic varia¬ 
tion of a phoneme based on 
its position is an allophone 
of the phoneme. Each allo¬ 
phone is a different manifes¬ 
tation of a basic phoneme 
and is the basis of speech 
synthesis in the SP0256 
chip. 

The repertoire of sounds 
for the SP0256 is called the 
allophone set. It contains 59 
allophones and 5 pauses of 
various lengths. These allo¬ 
phones, their associated 
codes, and examples of 
usage are shown in Fig. 3. In 
this table, the associated let¬ 
ter or letters in the example 
word are shown capitalized. 
Some phonemes have two 
or three allophones. These 
variations are position- and 
context-dependent, as indi¬ 
cated in the associated ex¬ 
amples. For example, KK1 
will sound good before LL as 


in "club,” and KK2 will 
sound good before WW as 
in "squid." Remember, we 
are dealing with sounds, not 
letters. Some allophones 
sound better when preceded 
by a short length of silence, 
such as PP, BB, TT, DD, KK, 
CC, CH, and JH. 

Project Construction 

The SP0256 chip is shown 
with pinouts in Fig. 4(a) and 
the block diagram is shown 
in Fig. 5 The chip contains a 
software-programmable dig¬ 
ital filter used to model the 
human vocal tract, an inter¬ 
nal 16K ROM containing the 
allophone construction al¬ 
gorithm, a microcontroller, 
ALU, and a pulse-width 
modulator to generate the 
output sounds. It is possible 
to use an external ROM in¬ 
stead of the internal one to 
generate speech using cus¬ 


tom LPC or formant-synthe¬ 
sis techniques, but I did not 
use this in this project. I used 
the internal ROM with the 
provided allophone set. The 
chip uses a single + 5-V sup¬ 
ply and is TTL-compatible. 

I constructed Cheap-Talk¬ 
er on a Vector Graphics 
wire-wrap prototype board. 
The circuit is so simple, how¬ 
ever, that it would be no 
problem to hand etch a 
board using a good etch re¬ 
sist pen and some ferric 
chloride solution. Either 
way, there are no special de¬ 
sign or layout considera¬ 
tions to be made, just good 
common electronic con¬ 
struction techniques 

The schematic for the cir¬ 
cuit is shown in Fig. 6. I used 
an MC6821 parallel inter¬ 
face chip to interface the 
synthesizer chip to the Ap¬ 
ple bus. I used this chip be¬ 
cause I happened to have 
some left over from another 
project and I am familiar 
with its operation. Port B in 
the PIA is used to allow the 
use of the CB2 line for hand¬ 
shaking. 

The synthesizer-chip de¬ 
sign is such that it is possible 
to connect it directly to a 
Centronics-compatible par¬ 
allel interface. The A1-A6 
lines would be connected to 
the D1-D6 lines, the ALD 
pin would connect to the 
Data Strobe line, and the 
SBY pin would connect to 
the Busy line. 

Software 

The other beauty of this 
project is that no highly so¬ 
phisticated software is re¬ 
quired to make the chip 
work. The entire driver pro¬ 
gram and allophone buffer 
fits in just 208 bytes. The 
program alone is only 49 
bytes. This is shown in List¬ 
ing 1. This program, when 
called at location $300 (768 
decimal), will send the allo¬ 
phone codes in the allo¬ 
phone buffer located in 
locations $341-$3CF (833- 
975 decimal) to the synthe¬ 
sizer one at a time. Location 
$340(832 decimal) contains 
the number of allophones to 


Pin Number Name 

1 Vss 

2 RESET 


ROM DISABLE 
C1.C2, C3 


ALD 

SERIN 

TEST 

VD1 

DIGITAL OUT 
SBY RESET 

ROM CLOCK 


Function 

Ground 

A logic 0 resets that portion of the SP powered by Voo. Must be 
returned to a logic 1 for normal operation. 

For use with an external serial speech ROM, a logic 1 disables the 
external ROM. 

Output control lines for use with an external serial speech ROM. 
Refer to the SPR016 data sheet for details. 

Power supply for all portions of the SP except the microprocessor 
interface logic. 

STANDBY. A logic 1 output indicates that the SP is inactive and Vdd 
can be powered down externally to conserve power. When the SP is 
reactivated by an address being loaded, SBY will go to a logic 0. 
LOAD REQUEST. LRQ is a logic 1 output whenever the input buffer 
is full. When LRQ goes to a logic 0, the input port may be loaded by 
placing the 8 address bits on A1-A8 and pulsing the ALD output. 
8-bit address which defines any one of 256 speech entry points. 

SERIAL ADDRESS OUT. This output transfers a 16-bit address seri¬ 
ally to an external speech ROM. 

STROBE ENABLE. Normally held in a logic 1 state. When tied to 
ground, ALD is disabled and the SP will automatically latch in the 
address on the input bus approximately 1 ?s after detecting a logic 
1 on any address line. 

ADDRESS LOAD. A negative pulse on this input loads the 8 address 
bits into the input port. The negative edge of this pulse causes LRQ 
to go high. 

SERIAL IN. This is an 8-bit serial data input from an external speech 
ROM. 

This pin should be grounded for normal operation. 

Power supply for the microprocessor interface logic and controller. 
Pulse-width-moduiated digital-speech output which, when filtered 
by a 5-kHz low-pass filter and amplified, will drive a loudspeaker. 
STANDBY RESET. A logic 0 resets the microprocessor interface 
logic and the address latches. Must be returned to a logic 1 for nor¬ 
mal operation. 

This is a 1.56-MHz clock output used to drive an external serial 
speech ROM. 

XTAL IN. Input connection for a 3.12-MHz crystal. 

XTAL OUT. Output connection for a 3.12-MHz crystal. 


Fig. 4(b). Pin functions. 
24 73 for Radio Amateurs • October, 1985 









Fig. 5. SP025 6 block diagram. 


be sent. This allows 142 al- for another allophone. The sembler which uses similar 
lophone codes to be sent to CB2 pin on the 6821 is put in nomenclature, you could 
the synthesizer. This is more the "pulse on write" mode, change the slot by changing 
than enough for most mes- which sends a negative the $30 to $x0, where x is the 
sages composed of a num- pulse out when data is writ- slot number. If you are typ- 
ber of words. Most words ten into port B. This signals ing in the hexadecimal val- 
contain less than 20 alio- the synthesizer that the al- ues for the program, you 
phonecodes. lophone data is ready, would change the $BF in lo- 

The INIT portion config- Please note that the ad- cations $303 and $30D to 
ures port B of the 6821 chip dressesforthe PIACRBfCon- $8F + $n0, where n is the slot 
to have bits 0-5 in the out- trol Register B) and number. You would also 
put mode and bits 6-7 in the PIADPRB (Data Direction change the $BE in locations 
input mode. Bit 7 is used to and Peripheral Register B) $308, $328, and, $32E to 
monitor the LRQ (Load Re- registers are offset in linesl 5 $8E+$n0. 
quest) pin on the synthesizer and 16 for use in slot 3 of the The SPEAK routine takes 
to find out when it is ready Apple If you are using an as- the allophones and sends 



Fig. 6. Schematic. 
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them to the synthesizer via 
the PRONOUNC routine 
SPEAK uses the value in lo¬ 
cation $340 to initialize the 
Y register as a counter to 
keep track of the number of 
allophones sent. The X regis¬ 
ter is used as a pointer to the 
various values in the allo¬ 
phone buffer. 

The PRONOUNC routine 
saves the allophone data in 
the accumulator on the 
stack while it checks the 
LRQ line to see if the synthe¬ 
sizer is ready for the next al¬ 
lophone It does this by 
reading the value in bit 7 of 
Peripheral Register B which, 
as was mentioned earlier, is 
set up as an input. If bit 7 is 
a 0, then the synthesizer is 
ready to receive data via Pe¬ 
ripheral Register B. 

Right now you might be 
wondering how to get the 
proper allophone codes put 
into the buffer to get the 
thing to say what you want it 
to. There are basically two 
ways to do this. One is to 
create a dictionary of words 
with the associated allo¬ 
phone codes needed to gen¬ 
erate each word. Then, by 
selecting the desired word, 
the appropriate allophone 
codes can be loaded into the 
buffer and spoken. The 
other method would be to 
utilize some sort of text-to- 
allophone algorithm which 
would analyze a word and 
generate the proper allo¬ 
phone codes to speak the 
word. 

The dictionary method is 
by far a simpler method, but 
it has two drawbacks. First 
of all, the memory required 
to have enough words in the 
dictionary to speak all of the 
most-used words in the En¬ 
glish language would be 
above the capabilities of 
most microcomputers. The 
second disadvantage is the 
large amount of time which 
needs to be invested in order 
to create the dictionary 

The text-to-allophone al¬ 
gorithm is by far the best in 
terms of flexibility and econ¬ 
omy of memory All that is 
necessary to use it is to send 
the word text to the algo- 














































rithm, and it will then gener¬ 
ate the proper codes to be 
spoken. The program neces¬ 
sary to achieve this end, 
however, is very compli¬ 
cated and requires a rule ta¬ 
ble containing around 300- 
600 rules to handle all the 
contextual arrangements 
letters have in the various 
words in the language. 

The program I have in¬ 
cluded in this article is based 


on the first method, the dic¬ 
tionary method. The reason 
I did this, in spite of its limi¬ 
tations, is because its sim¬ 
plicity allowed me to 
generate a small dictionary 
of words to experiment with 
until I could come up with a 
text-to-speech algorithm. 
When I get it going I will 
write a second article on 
that and share it with you. 

The program shown in 


Listing 2 is the program I call 
the Editor. This program 
uses 3 text files which are 
stored on disk and read into 
memory when required to 
generate speech. One file 
contains the allophone 
codes for all the words in the 
dictionary. The second con¬ 
tains the text of the words in 
the dictionary, and the third 
is a file of messages made 
up from the words in the dic¬ 


tionary. By giving different 
file names to the files, one 
can generate several dic¬ 
tionaries and several mes¬ 
sage files to give an un¬ 
limited vocabulary to the 
machine. The only draw¬ 
back is that only 200 words 
with 32 allophones each, 
and 100 messages with 16 
words each, can be stored in 
memory at a time and still 
leave enough memory for 


i: 


n 

n 

21 

It 

n 


?4 

V 

28 

11 


3! 

3! 

34 


t nmirni 

1 Nk/Al/AI/NNI/ 

3 TH/RR1/1Y/ 

4 ff/ff/or/ 

5 FF/FF/AY/VV/ 

4 SS/SS/IN/IH/PA3/FN2/SS/ 

7 SS/£H/EH/VV/!H/NSi; 

e mmnw 

TEH TT3/EH Er-NNi 

ELEVEN !N'lUEN'E“'»v/IW1cS!/ 

Ti&VE TT2 /*H/Em/EK/lL/VV/ 

THIRTEEN TH/ER! /TA2'FA3f mm/HM/ 

FfrjriEE* FF/0S/PA2/PA3/n2/IY/»l/ 

fifteei wmmimmmvmiu 

SHTEE* SS/SS: «/PA 3 /», 2 /SS/PA’/P* 3 /TTZm/H!/ 

SE.EN’EEn 5 S/SS/rN/VV/TN/«l/PA 2 /PA 3 /T 72 W/NM/ 

eisfteen amamsmi iy/wi / 

nineteen miMmumimnnnimu 

!•£*••• TT2/NK/tH/EH/N»l/PA2/FA3/Tt2;iV/ 

THIRTY TH/ER2/PA2/FA3/TT2/1Y/ 

forty ffmtmimnv 

FIFTY FF7FF.<lK'FF/FF/P»2/PA3/n2/IY.' 

sw» tsmimmmimiKinzmniv 

SEVENTY ss/eh/w/m/nni/tt2/iy/ 

EIERTY EY/FA3/TT3/1V/ 

NINETY NM/AV/NNI/PA3/TT2/IY/ 

HUNDRED Kh2/AX,'A>/NN1/PA2/0B:/RR3/]H/1H’PA!/BBI/ 

tng JEAN? th/aa/an/iz/th/pai/pai/nni/bci/ 

H1LL13K Nli/IH/IM/LL/YYI/AI/NNI/ 

A til 

i tt: ni i 

c ss/ss/iy/ 

D DD2/1YY 

E IV/ 

F EH/EN-'FF/FF/ 

6 JH/IY/ 

H EY/PA2/PA3/CH/ 



bdc/ai/fai/bbi/eh/ll/yyi/eini/ 

EH/EHYFA3/4KI/SS/SS/ 


i Will 

TINE TT2/AY/HN/ 

DATE 0D2/EY/PA2/TT2/ 

SYSTEM SS/SS/IH/55/TT2/AI/HH< 

non mzirni 

PATCH PP/AE/PA3/CW 

ON AA/AA/NNi/ 

CONNECTED (L!/AI/NNl/£H/PA2/tti/PA3m2'IH/BD!/ 


DISCONNECTED BD2/lH/SS/EA3/KKJ/Al/NN]/EN/FA2/KK12PA3/TT2/IH/PAt/DDir 
STATUS SS/SS/fA3/TT2/AE/FA3/TT2/At/SS/ 

LOSSES LL/A0/PA3/6S3/PA2/D0I/ 

MEMORY NH/EH/HN/0N/RR2/IY/ 

dial mihmu 

PLEASE PP/LL/1Y/IZ/ 

ENTER EH/NNS/FA3/TT2/ER3Y 

CODE M3/0A/&DW 

•UNDER NNI/AT/ffl/PAZ/BEl/EF!/ 

FREDUENEY FF/FF/RA2/IY/PA3//T3/W//EH/NN1/SS/1V/ 

ALERT AI/U/ESI/fA3/T72/ 

*110 KLI/IH/LL/Oi 1 

PA! PA1/ 

pa: pa:/ 

PA3 PA3Y 


FAS PAS/ 

NESA IK/EH/6S2/AI/ 

PiSET AS1/IY/SS/EP/FA3/7T:/ 

OF umi 

DAE iBl'AE/K/NNI/FCm' 

METES HH/IY/TT2/EE1/ 

AND AE/NM/PA2/0D1/ 

F0F.iA.PS FF/FF/K/W/EA1/PA1/DD1Y 

ANTENNA AE/NM/PA3/TT2/EN/EN/NNI/AI/ 

SYNTHESIZER SS/S5/1H/NNI/TH/AI/5S/AY/ZZ/ERI/ 

transmitter lnimmiKimnimvmnmamitmi 

VOI VV/AA/PA3/LYI/SS/ 

COMPUTER KKI/AX/HH/PF/YYT/UNI/TT2/ERI/ 

CONTROL PK1/AX/NNI/PA3/TT2/RR2/3K/LL/ 

PHONE FF/FP/OH/NHI/ 

RECEIVER RR1/IY/SS/1V/VV/ER1/ 

STATION SS/S5/TT2/EV/SH/AX/NH1/ 

SORRY SS/SS/A0/PA1/RR1/1Y/ 

Than* TN/AE/N 0/FA2/tIt:2/ 

INVALID |H/N*I/PA2/VV/A£/AE/IL/1R/PA1/BSI/ 

ACCESS AE/AE/PA3/U2/SS/EH/SS/ 

CNANSE CH/EY/NNI/JN/ 

NEST2 NHl/ESimi/SS/ 

fron ff/ff/rrz/ai/nf/ 

IS 1H/Z2/ 

•AS IHf/AX/ZZ/ 

EISA Sei/IH/SSC/AI/ 

THE Hl.'Al/ 


122 


125 


120 


131 


•ERE W.'ERl/ 

•ILL H/1N/U/ 

DENOTE RRI/IY/INI/0N/PA3/TT2/ 

THEY mill'll 

THEN DHI/IH/HH/ 

HELLO NKt/EH/LL/OH/ 

TEMPERATURE TT2/EH/HN/PA3/PP/RR2/A1/PA3/CN/ER1/ 

CORRECT KK3/DR/EH/NK3/TT2/ 

INCORRECT IH/NN1/PA3/NK3/0R/EH/PA3/KK3/TT2/ 

CANNOT KFI/AE/NNI/AA/FAI/TT2/ 

RECOONIZE RR1/EH/PA3/FK1/AX/PA!/B83/NNI/AY/ZZ/ 

NAS HNI/AE 1111 

BEEN BE2/EH/NN1/ 

UNDER AI/NNI/PA3/DD2/ER!/ 

OVER 0N/VV/EA1/ 

HOOP HH2/IIH/UH/MI2/ 

HAVE NNI/AE/VV/ 

DO 002/UI3/ 


Fig. 7. Sample words for ham-oriented applications. 
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an application program. 
This, in spite of its limitation, 
seems to be versatile 
enough for most experimen¬ 
tal applications* 

The routines shown in 
Listing 3 are the routines 
which would be added to an¬ 
other Basic program to al¬ 
low it to use the dictionaries 
and message files created 
using the Editor program. 


Using the Editor Program 

The first thing that needs 
to be done when dictionary 
and message files are cre¬ 
ated is to initialize them. 
This is done by typing "RUN 
10000” from the Basic 
prompt (]). The program will 
ask you for the dictionary 
file name you wish to create. 
Enter this name. If you do 
not enter anything except 


131 

132 

133 

135 

136 

137 

138 

139 


142 

143 

143 


NOT NN2/AA/TT2/ 

THAT DN1/AE/TT2/ 

BUT BB2/AX/TT2/ 

AT AE/TT2/ 

POINT PP/0V/NK1/TT2/ 

THIS TH/IH/SS/ 

ENES5ENCY IY/HH/ERI/FA2/JH/EH/NN1/SS/iY/ 

SHUTDOWN SH/AI/TT2/FA4/DD1/AN/NN1' 

IDS LL/AD/PA2/6S3/ 

DIRECT DD2/AY/PA2/RRI/EH/FA2/KE2/PA2/TT2/ 

REDIAL RRI/IY/PAI/DD2/AY7AI/LL/ 

ANSWER AE/AE/NNI/SS/EP.1/ 

node mrnmtmi 

AUDIO AO/AO/PAl.'DEl/lY/OW.' 


158 

151 

152 

153 

154 

155 

156 

157 
15B 


163 


167 

178 

171 

172 


ITS 

178 


1E3 


189 


RADIO RF.I/EY7DD2/IY/0X/ 

NET NN1/EH/TT2/ 

HOOULATION M/AA/DDI/JH/YYI/OKI/LL/EY/SH.'AI/RSl/ 

UPPER AI/PP/ER1/ 

LOWER Ll/DW/ERi/ 

SIDEBAND SS/AY/DD1/PA1/BB2/AE/NNI/BB1/ 

PROCESSOR PF/RR2/AA/5S/EH/SS/ER1/ 

BATTERY BB2/AE/TT2/ER1/1Y/ 

NIC M/AY/KK2/ 

SPEAKER SS/PP/lY/ttll/ERl/ 

CONTEST KE1/AA/NN1/PA2/T72/EK/SS/TT2/ 

WAVE Wk/EY/VV/ 

TRANSMIT T72/RR2/AE/NN2/Z2/RH/IH/TT2/ 

RECEIVE Rfil/IY/SS/lY/VV/ 

DESREES DD2/AY/6S2/RR2/IY/2I/ 

REPEATER RE1/IY/PP/IY/TT2/ER1/ 

SINSLE S3/IH/NS/6S3/EL/ 

QUARTER KY.3/NN/QR/U2/ER1/ 

HALF HH1/AE/FF/ 

LINEAR LL/IH/NN1/IY/ER2/ 

PHASE FF/EY/Z2/ 

PRE PF/RR2/IY/ 

WATT NW/AA/TT2/ 

WATTS WW/AA/TT1/SS/ 

ALPHA AE/LL/FF/AX/ 

BRAVO 681/RR2/AA/VV/OW/ 

DELTA DD2/IH/EH/LL/PA3/TT2/AI/ 

ECHO EH/PA3/KK3/0W/ 

FOJTROT FF/AA/NK2/SS/PA3/TT2/RR2/AA/PA3/TT2/ 

SOLF 6S2/AA/AT/LL/FF/ 

HOTEL HH2/DW/FA3/TT2/EH/LL/ 

INDIA IH/NN1/FA3/DD2/IY/AI/ 

JULIET JH/UW2/LL/1Y/EH/PA3/TT2/ 

LIHA LL/IY/WI/AI/ 

NOVEMBER NN2/0W/VV/EH/HR/PA2/BB2/ER1/ 

OSCAR AA/5S/PA3/FK1/ER1/ 

PAPA PP/AA/PF/Al/ 

OUEBEC KK1/YY1/UH1/ZY/PA2/BB2/EH/PA3/F.F2/ 

ROMEO RR1/0W/HH/IY/DW/ 

SIERRA SS/IY/EH/PAI/RR1/AT/ 

TANSO TT2/EY/N5/PA2/ES2/0W/ 

UNIFORM YYI/UN!/NNI/IH/FF/OR/HII/ 

VICTOR W/IH/PA3/KK2/PA3/TT2/0W/0R/ 

WHISKEY HH/IH/55/PR3/KR1/IY/ 

XRAY EH/KK2/55/PA3/RR1/EY/ 

YANKEE YY2/EY/NG/PA3/KKI/IY/ 

ZULU ZZ/UW2/LL/UW2/ 

CARRIER (KI/IR/IY/ER1/ 

AMPLITUDE AE/HH/PA3/PP/LL/1H/PA3/TT2/UW2/PA3/SD1/ 


the Return key, the default 
file name will be WORDS. 
The new file will be initial¬ 
ized and then will ask you 
for the file name of the mes¬ 
sage file you wish to create. 
The default file name is 
MESSAGES. 

Once the files are cre¬ 
ated, the program restarts 
automatically. The program 
asks for the file names of the 
dictionary and message files 
you wish to use. Enter these 
and wait for the files to be 
loaded. The bigger the dic¬ 
tionary, the longer it takes to 
load. 

The main menu then ap¬ 
pears. Select the desired op¬ 
tion. Please remember: Do 
not exit the program after an 
editing session without us¬ 
ing the QUIT option. Other¬ 
wise, you will lose all the 
changes and entries you 
have made for that session. 
The QUIT option writes the 
files back out to the disk. 

Enter New Words: This 
option allows you to enter 
the text and the allophone 
codes for the words and 
store them in the dictionary. 
The first thing to be done is 
to enter the text of the word. 
Then, after you verify that 
the word is as you wish it to 
be, the program will check 
to see if it is already in the 
dictionary. If it is, you will 
see the prompt, WORD AL¬ 
READY IN DICT., and the 
word text will be re-re¬ 
quested. If it is not, you will 
then be able to enter, one at 
a time, the individual allo- 
phones needed for the word. 
When all of the allophones 
have been entered, just 
press Return. The program 
will request the text for the 
next word. If all of the words 
desired have been entered, 
just press Return at this 
point and the program will 
return to the menu. For ex¬ 
ample, to enter the word 
HELLO into the dictionary, 
you would type HELLO 
Return for the text entry 
The program will prompt 
HELLO CORRECT? If so, 
press Return. If not, enter N 
and Return and reenter the 
word. If correct, the pro¬ 


gram will begin asking for 
the allophones. To do this 
you would enter HH1 and 
Return. The program would 
then verify the allophone to 
make sure it was a valid one. 
If it wasn't, it would prompt 
INVALID ALLOPHONE.. . 
REENTER and re-request it. 
If it was correct, it would 
request the next. You would 
then enter the next one, EH. 
Then LL, AX, and OW. For 
the last entry (since there are 
no more allophones to be 
entered) you would just 
press the Return key. You 
would then get the prompt 
for the text for the next 
word. This process can con¬ 
tinue until 200 words have 
been entered or you press 
Return in response to the 
word text entry. 

Remember when creating 
your dictionary to take ad¬ 
vantage of words/letters/ 
numbers which sound the 
same. For example, if you 
enter "for," you can then 
use it in place of 4, four, 
fore, etc. Fig. 7 contains 
some sample words which I 
have come up with for gem 
eral ham-oriented appli¬ 
cations. 

View/Change A Word: 
This option allows you to 
call up a word in the dictio¬ 
nary and view or change the 
allophone associated with, 
it. If the word is not in the 
dictionary you will see a 
prompt, WORD NOT IN 
DICT. Remember, the word 
must be spelled exactly as it 
was first entered, including 
spaces. Once the word is 
found, the program displays 
the word and its associated 
allophones. If they are not 
correct, you can reenter 
them in the same manner 
you initially did. If they are, 
you can view another word 
or return to the menu by an¬ 
swering the prompts accord¬ 
ingly. 

Delete A Word: This op¬ 
tion allows you to get rid of v 
unwanted words from the 
dictionary. Simply type in 
the word you wish to delete 
from the dictionary. The 
routine will check to see if it 
is in the dictionary, and if it 
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is, it will display the text and 
allophone data for that 
word. If after verification 
you wish to delete the word, 
just press Y in response to 
the prompt. The next 
prompt asks you if you wish 
to delete another word. If so. 
enter Y. Any other response 
will return the program to 
the menu. 

Print Dictionary: This op¬ 
tion simply sends the entire 
dictionary to a printer. It will 
print the file name of the 
dictionary at the top of the 
page, the number associ¬ 
ated with each word, the 
word text, and the allo- 
phones associated with it. 
The routine uses the CHR$ 
(15) code in line 4040 to put 
my Epson MX-80 printer in 
the condensed-print mode 
to allow the printing of 132 
columns on one line. You 
might wish to change that 
code if you have different 
printer. 

Create Messages: This op¬ 
tion allows you to create 
messages using the words in 
the dictionary which are cur¬ 
rently in memory. Once you 
create a message file, you 
must make sure you use the 
same dictionary with that 
file in order to make sure the 
properwordswill bespoken. 

Messages are created by 
entering the words desired in 



the message one at a time. 
When all the words have 
been entered, just press Re¬ 
turn. You will be asked if you 
wish to enter another mes¬ 
sage. If so, just press Return. 
If not, enter N and Return. 
With each word entered, the 
routine will check to see if 
the word is in the dictionary. 
If not, it will prompt WORD 
NOT IN DICT and request 
another word. Remember, 
the message is referred to by 
its message number. This 
number is shown at the top 
of the screen when entering 
the message. This number 
can also be obtained by us¬ 
ing the Print Message Text 
option described later. 

View/Change Messages: 
This option functions just 
like the View/Change Words 
option, only you can call up 
the message by the mes¬ 
sage number associated 
with it and see what words 
make it up. If a message is 
not correct, you can reenter 
the words as done above. 

Delete Messages: This op¬ 
tion allows you to delete an 
unwanted message Enter 
the message number of the 
message you wish to delete. 
The routine will display the 
message text on the screen 
for verification. If it is OK to 
delete, type Y to the delete 
prompt. If you wish to de¬ 


lete another message, an¬ 
swer Y to the next prompt 
Anything else will cause the 
program to return to the 
menu. 

Print Message Text: This 
option will print all of the 
messages currently in mem¬ 
ory. The message number 
and the associated words 
are listed. 

Speak Messages: This is 
the most enjoyable option. 
When a message number is 
entered, each of the words 
in the message is printed on 
the screen and simulta¬ 
neously spoken. This way 
you can verify the message 
and the pronunciation of the 
word and then go back and 
change anything if neces¬ 
sary. 

Using the 

Application Routines 

The application routines 
shown in Listing 3 allow you 
to use previously generated 
dictionaries and messages in 
other programs simply by 
calling the words or mes¬ 
sages up with their access 
code numbers. To use the 
routines, the low numbered 
lines shown in Listing 3 
(those below 100) would be 
merged into the program 
you wish to speak at the be¬ 
ginning of the program, be¬ 
fore line 100. The high 
numbered lines would be 
merged after the last of the 
normal program lines. Then, 
when the program is run the 
dictionary and message ar¬ 
rays are dimentioned, file 
names for the dictionary 
and message files are en¬ 
tered, the data is read into 
memory, and the program is 
then ready to speak the mes¬ 
sages and words. 

This is done by setting 
MSG equal to the message 
number of the message you 
wish to have spoken, and 
then doing a GOSUB 60000. 
To speak an individual word 
in the dictionary, set WD 
equal to the word to be spo¬ 
ken and do a GOSUB 61000 
Make sure MSG and WD are 
not greater than the maxi¬ 
mum number of messages 
or words in memory 


You must also make sure 
that the variables used in 
these routines are not used 
in the target program in or¬ 
der to avoid any conflicts. 
Of course, these variable 
names and line numbers can 
be changed to suit the appli¬ 
cation. The important things 
to remember are to make 
sure that the proper dictio¬ 
nary and message arrays are 
dimensioned, the proper file 
names are entered or gener¬ 
ated, and that the data is 
loaded into memory prior to 
calling subroutines 60000 or 
61000 If it is not desirable to 
enter the file names from 
the keyboard every time the 
program is run. then you 
might wish to define them in 
a program line prior to read¬ 
ing the files. 

This project has by far 
been the most gratifying 
project I have ever under¬ 
taken on the computer. It 
didn't cost much, it went to¬ 
gether easily, the program¬ 
ming was simple, and it 
worked without much fid¬ 
dling. I was able to take this 
project from a bag of parts 
to the finished article in 3 
days. The excitement of 
hearing your computer talk 
to you will keep you busy at 
the keyboard for hours. 

The applications of such 
a device are unlimited 
Whether it be for assisting 
the handicapped, entertain¬ 
ing and educating the kids, 
or adding a unique embel¬ 
lishment to the ham shack, it 
will definitely be a worth¬ 
while investment. Your 
imagination is the only limit 
on its possibilities. If you do 
not like to type in long pro¬ 
gram listings, I will be glad 
to send you a copy of the 
programs shown in this arti¬ 
cle on a DOS 3.3 disk for 
$20,00 postage paid 

In the meantime I will be 
working on a text-to-speech 
algorithm for this synthe¬ 
sizer. If you are interested in 
this or have any comments 
on this article or this fasci¬ 
nating technology, drop me 
a card or a letter, I would 
love to hear from you. Keep 
talkin'! ■ 


Listing 3. Application routines. 
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Advanced Computer Controls, Inc. 
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Takin' It to the Streets — Part II 

Last month's discussion was only half of the story — 
now discover what remote control can do 
when the ShackMaster's power is unleashed! 


I n Part I, I described the 
benefits of crossband 
linking and telephone access 
to your home station. The 
ShackMaster™ station con¬ 
troller connects to your HF 
transceiver, one or two VHF/ 
UHF transceivers, and other 
station equipment. Now I'll 
describe some other features 
of the station controller that 
can make amateur radio 
more fun and useful in your 
everyday life. 

Electronic Mailbox 

Hams have handled traf¬ 
fic since the beginning of 
amateur radio Organized 
traffic handling was the orig¬ 
inal basis for the formation 
of the American Radio Relay 
League. Hams relay mes¬ 
sages from one non-ham to 
another non-ham and from 
hams to non-hams. These 
messages are called third- 
party traffic. MSOs and re¬ 
peater mailboxes are exam¬ 
ples of modern technology 
applied to handling traffic 
between hams 

Having a station at home 
makes it possible to relay 
third-party messages be¬ 
tween you and your family 
conveniently. Why would 
you want to relay traffic to 
your wife and kids? Perhaps 
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because you'll be home late 
from work. Or you want to 
let them know that every¬ 
thing is OK. They might want 
you to call to see if you need 
to do an errand on your way 
home. And since you both 
might not be available at the 
same time, it would be nice 
to be able to leave a mes¬ 
sage. 

An electronic mailbox de¬ 
signed for use by the family 
should be easy and fun to 
use. Ten canned messages 
that cover many typical situ¬ 
ations are available in 
ShackMaster. The messages 
may be left by the ham while 
away using touchtone ,M 
commands over the air, and 
incoming messages may be 
retrieved by the family mem¬ 
ber by pressing the Read but¬ 
ton. The mailbox message is 
spoken in synthesized 
speech to the family mem¬ 
ber Outgoing messages to 
the ham can be loaded by 
pressing the Load button. 
The speech synthesizer ac¬ 
knowledges entry of the 
message. 

Front-panel lights indicate 
the presence of incoming or 
outgoing mail. Mail can also 
be loaded and retrieved by 
the non-ham by calling 
home on the telephone. 
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Remotely-Controlled 

Intercom 

Third parties are permit¬ 
ted to participate in amateur 
communications provided 
that a control operator is 
present at the control point 
of the station. This provision 
is the basis for allowing a 
friend to talk over your ra¬ 
dio, and is also the basis for 
all phone-patch and auto¬ 
patch operation. 

Virtually all hams have 
used, or at least have heard, 
a repeater autopatch. You've 
probably used your repeat¬ 
er's autopatch to call home 
or to call the police or report 
a traffic accident. The patch 
allows amateurs, through in¬ 
terconnection of the repeat¬ 
er to the phone line, to talk 
with non-hams. This is a form 
of third-party traffic known 
as participation-through- 
phone-line interconnection. 
A control operator is in con¬ 
trol (typically remote con¬ 
trol) of the repeater during 
the patch. 

Now imagine that instead 
of the phone line connected 
to the repeater there was a 
wire to a speaker and micro¬ 
phone at the location of the 
person you wanted to talk 
with. Now replace the repeat¬ 


er with your home station. 
You already have a speaker 
and microphone in your 
shack; add a controller to 
provide you, the control op¬ 
erator, with complete re¬ 
mote control of your home 
station —and you have 
ShackPatch! It's an auto¬ 
patch to home without using 
the phone! 

To activate ShackPatch, 
enter a touchtone com¬ 
mand as you would to bring 
up a repeater autopatch 
ShackPatch generates an 
electronic ring at home, sim¬ 
ilar to a telephone Anyone 
at home can answer it just by 
pressing the Answer button 
From there, the "patch” pro¬ 
ceeds as an exchange of 
transmissions synchronized 
by PTT. Our friend, the con¬ 
trol window (see Part I), 
keeps you in complete re¬ 
mote control of your home 
station with the ability to ter¬ 
minate the patch within a 
couple of seconds if neces¬ 
sary. Your response time in 
controlling your home sta¬ 
tion is identical to the case 
where you would be stand¬ 
ing over the shoulder of a 
third party who was using 
your station. 

Why have a ShackPatch if 
there's already a repeater au- 




topatch available? Perhaps 
you don't, in fact, belong to 
a club or repeater group with 
autopatch facilities. Or if 
you do, chances are that 
when you want to use the 
patch, such as on the way 
home from work, typically 
the repeater is busy. Maybe 
calling home is a long-dis¬ 
tance call from the repeater 
Or perhaps you just don't 
want hundreds of ears listen¬ 
ing to you and your wife con¬ 
versing. 

A typical electronic mail- 
box/ShackPatch scenario 
could be as follows: 

• The XYL is about to go out 
to pick up the kids after 
school. Frank Ham is still at 
work. Before she leaves, she 
loads the electronic mailbox 
with “I will be home late," 
and "Please call home." 

• On Frank's way home, he 
checks in to pick up the mail, 
then tries to call home by 
bringing up ShackPatch. The 
XYL isn't back yet, so Frank 
leaves a message "All is OK." 
Later, he tries ShackPatch 
again, talks with the XYL, 
and learns that he needs to 
pick up his daughter Julie at 
her friend's house. 

The mailbox and Shack¬ 
Patch can be used on a sim¬ 
plex frequency or through a 
repeater for greater range 
And the control transceiver 
can be commanded to QSY, 
so we can move Shack- 
Master off frequency to han¬ 
dle our traffic 

Simplex Autopatch 

While ShackPatch allows 
us to talk with family mem¬ 
bers (third parties) by direct 
participation, sometimes it's 
useful to be able to place a 
"real" phone call Perhaps a 
repeater autopatch isn't 
available. Since you've al¬ 
ready got a control link be¬ 
tween you and your home 
station, a simplex autopatch 
simply involves controlling 
an interconnection to your 
home phone line. 

PersonalPatch IM , the sim¬ 
plex patch in ShackMaster, 
allows you to place outgoing 
calls. As with crossband link¬ 


ing and ShackPatch, the con¬ 
trol window keeps you in 
control of your home sta¬ 
tion, allowing you the oppor¬ 
tunity to send commands as 
desired every few seconds 

The patch is VOX-acti- 
vated from the phone, that 
is, your home control trans¬ 
ceiver transmits only when 
the called party is talking. If 
he continues to talk for sev¬ 
eral seconds, the control 
window allows you to inter¬ 
rupt or exercise control 

A phone number can be 
stored in ShackMaster's au¬ 
todial memory and easily 
dialed with a touchtone 
command. Any phone num¬ 
ber can be dialed as well, 
with a selectable-toll-restrict 
capability. The phone num¬ 
ber is regenerated into the 
phone line as either DTMF 
or dial pulse signaling. 

Although PersonalPatch is 
a "simplex patch," it can be 
operated through any re¬ 
peater for greater range, 

BSR X10 
Shack Control 

With ShackMaster you 
can turn on and off station 
equipment using the inter¬ 
face to the BSR XI0 home- 
control system An infre¬ 
quently practiced aspect of 
amateur radio is radio-con¬ 
trol operation, defined as 
"one-way communication 
for remotely controlling ob¬ 
jects or apparatus other than 
Amateur Radio stations," 
While not the most impor¬ 
tant aspect of amateur 
radio, it's specifically permit¬ 
ted in §97 89 (Points of Com¬ 
munication) (b): Amateur 
Radio stations may transmit 
one-way signals to receiving 
apparatus while in beacon 
operation or radio control 
operation. 

When many hams think of 
radio remote control they 
think of radio-controlled 
model boats and planes. But 
if you can radio-control 
boats and planes, why not 
other things around the 
house? Turn on the lights be¬ 
fore arriving home. Turn on 
the porch light if you're 
going to be late—or the air 
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conditioner so that the 
house is cool by the time you 
get home. 

The BSR system is based 
on a system controller which 
injects 100-kHz signaling di¬ 
rectly into the power line to 
address lamp and appliance 
modules located throughout 
the house. The modules plug 
into wall outlets and then 
lamps and appliances plug 
into the modules. The mod¬ 
ules contain relays or SCRs 
to control power to the ap¬ 
pliances. 

Up to sixteen independent 
unit codes are addressable 
with the BSR system. All of 
the lamps in one room could 
be addressed as one unit 
code, the HF rig as another, 
the air conditioner as an¬ 
other, etc. To avoid interfer¬ 
ence with neighbors who 
own a BSR system, an instal¬ 
lation is assigned one of six¬ 
teen house codes (A-P). 

The BSR system is usually 
controlled by BSR's com¬ 
mand console. However, 
ShackMaster couples to the 
BSR system through the 
Heathkit* RS-232-to- 
BSR X10 interface- Serial 
data commands from 
ShackMaster, in response to 
your touchtone commands 
over the air, command the 
various pieces of equipment 


connected to BSR modules 
ShackMaster acknowledges 
your commands with synthe¬ 
sized speech responses. The 
BSR system can also be con- 
trolled over the phone 
through ShackMaster. 

A Family Affair 

Amateur radio desper¬ 
ately needs to grow in order 
to justify the retention of its 
frequency allocations in the 
face of increasing competi¬ 
tion for spectrum The best 
prospects for new hams 
should be your own family 
members. No one else has 
the same level of exposure to 
the benefits of amateur ra¬ 
dio or such proximity to a 
teacher, or "Elmer." 

By their very nature, many 
ham-radio activities may ex¬ 
clude family members: club 
meetings, special events, 
and, most of all, operating. 
The impression may be that 
ham radio is something that 
takes up all of daddy's spare 
time. This often results in 
feeling of resentment to¬ 
ward amateur radio from the 
people who would otherwise 
be the best possible candi¬ 
dates for recruitment. 

One of the intents of the 
third-party participation pro¬ 
visions in the rules is "to al¬ 
low persons who are not 
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Ever notice that while many amateur 
stores are anxious to quote you a low 
price, it’s hard to get someone to offer 
an opinion? After all, what good is a 
great deal on the WRONG rig? 

At WESTECH, all our sales people are 
experienced, licensed radio amateurs. 
We take the time with you to discuss 
YOUR needs, based on how YOU. oper¬ 
ate. We’ll discuss the pro’s and con’s 
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licensed Amateur Radio op¬ 
erators to experience the 
benefits of this service and 
to stimulate their interest in 
Amateur Radio" (Kowalski, 
FCC, 1984). Allowing a 
youngster to talk with his 
dad over ShackPatch while 
he's on his way to or from 
work gives the child an in¬ 
sight into the benefits of get¬ 
ting a license of his own. 
Instead of being limited to 
talking over the radio when 
his father is in remote con¬ 
trol of the station, he could 
have a radio of his own and 
use it anytime to talk with 
anyone! 

The electronic mailbox, 
ShackPatch, and BSR home 
control help create a posi¬ 
tive impression of amateur 
radio and the services it of¬ 
fers in the minds of the ama¬ 
teur's family members. These 
features involve the family in 
amateur radio instead of iso¬ 
lating them from it. 


Other Applications 

ShackMaster's third-party 


traffic and participation fea¬ 
tures make it useful in appli¬ 
cations other than with the 
home station. A transceiver 
and ShackMaster located at 
the Red Cross, weather bu¬ 
reau, or local hospital can 
provide many of the benefits 
of amateur radio for emer¬ 
gency and priority situations 
without the need for a ham 
to man the station locally. 

Conclusion 

Modern technology has 
worked its way into many as- 
pects of amateur radio 
through feature-laden trans¬ 
ceivers, computer-based 
communications, and highly 
sophisticated repeaters. The 
ShackMaster station con¬ 
troller takes a fresh ap¬ 
proach in that it utilizes new 
technology to make your ex¬ 
isting home station more 
valuable, both by making it 
available to you most of the 
time and by involving your 
family members —the best 
prospects to be new hams in 
amateur radio.B 
































Above Intercept 

It is cramped and dark and freezing cold, but the Allies need 
information. Has Britain's secret radio fallen into enemy hands? 


I t was like a return journey 
into the womb. The open¬ 
ing was so narrow that I 
could barely squeeze 
through. The new flight suit 
and the stiff webbing of the 
parachute harness made me 
feel as if I were a trussed tur¬ 
key. The crew chief, a very 
helpful fellow who had 
braced himself firmly on the 


hardstand, was gleefully 
pushing on my rump. 

Inside, the glow of my 
flashlight reflected from the 
exposed control cables, 
pushrods, and assorted 
valves reinforced my initial 
anatomic impression. In 
front of a tube-and-canvas 
seat there was a small steer¬ 
ing wheel. Beyond it on a 


rough plywood shelf squat¬ 
ted "Joan-Eleanor." This was 
my first date with her, and I 
knew that we would be¬ 
come quite intimate during 
the long hours I would spend 
with her in this flying radio 
shack. You see, I was a 
spook for the World War II 
predecessor of the CIA, the 
OSS —the Office of Stra¬ 
tegic Services. 

Let me put it on the line 
Radios have always been 
magic to me, although they 
were essential to my trade 
Information is a very perish¬ 
able piece of goods unless it 
gets where it is supposed to 
go in a hurry, and there is 
nothing that can beat a ra¬ 
dio to do that. In the old 
days we depended on CW 
and ciphers to get through 
This was tedious, and every 
clandestine operator fully 
expected the other side to 
be tuned in to his frequency 
or to home in on the loca¬ 
tion of his transmitter—if 
they did not jam him as soon 
as he got on the air. This 
made the profession rather 
exciting and sometimes 
short-lived. 

Back in the latter part of 
1944, Joan-Eleanor, as this 
brand-new UHF set was 
called, had been developed 
to cure the problem. Two 
units made up the system. 
The ground unit was very 
small, no bigger than a little 
cigar box. Simple controls 
were mounted on the top 
and a puny dipole antenna 


could be attached in front. 
The radio was so compact 
that it could be hidden un¬ 
der a coat. Power was sup¬ 
plied by six miniature wet¬ 
cell batteries which could 
be clamped to the opera¬ 
tor's waistline. The set was 
pre-tuned to a single UHF 
voice frequency. It was a 
revolutionary improvement 
over the sets we carried 
around in battered suit¬ 
cases. 

The airborne unit was 
larger, quite elaborate, and 
more powerful because it 
used the aircraft's electrical 
system. This radio was tun¬ 
able and had conventional 
dials and controls. The mike 
input was compatible with 
the lip or throat microphone 
used by the plane's crew. In 
this instance, a hookup was 
provided to record all com¬ 
munications on an early re¬ 
corder-one which used a 
thin magnetized steel wire 
The recorder was mounted 
next to the radio. The an¬ 
tenna, consisting of several 
elements, was directional 
and was attached to a long 
steel tube which extended 
below the fuselage. It was 
retractable during takeoff 
and landing. The small steer¬ 
ing wheel at the upper end 
served to turn the antenna in 
flight and to orient it for the 
best reception. 

In addition to the elec¬ 
tronics, the radio operator 
had in front of him a full dis¬ 
play of basic flight instru- 



The author in full flight gear by a British De Havilland Mos¬ 
quito. 
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merits, a magnetic compass, 
connections for his oxygen 
mask, and an outlet for his 
heated flying suit. The 
whole thing had been jerry- 
rigged in what normally was 
an inspection compartment 
in the forward part of the tail 
just behind the bomb bay, 
which now was packed with 
range-extension tanks. 

The idea behind the 
equipment rested upon a pe¬ 
culiar propagation charac¬ 
teristic of UHF in which the 
signal reflection of the 
ground forms an inverted 
cone within which two-way 
communications are pos¬ 
sible. The role of the air¬ 
borne station was to locate 
and fly in this propagation 
cone at the highest possible 
altitude (where the orbit 
could be largest). The rotat¬ 
ing antenna could be ad¬ 
justed for the best signal, 
indicating where the propa¬ 
gation cone was located in 
space. This directional infor¬ 
mation was then passed to 
the flight crew in the cockpit 
so that they could keep the 
plane on station. 

The aircraft selected for 
these airborne intelligence 
gathering missions was a De 
Havilland Mosquito, a ma¬ 
chine built largely of wood 
and powered by two super¬ 
charged Rolls-Royce Merlin 
engines. With 1290 horse¬ 
power on each side, this was 
a high-performance plane 
capable of speeds up to 400 
mph and a then-extraordi¬ 
nary service ceiling of 
37,000 feet. It could fly well 
above the reach of German 
antiaircraft batteries, higher 
than their best fighters, and 
well beyond their top speed. 

During periods of traffic 
between the ground and the 
aircraft there was practi¬ 
cally no chance that the lo¬ 
cation of the transmitter 
could be DFed, and while it 
was conceivable that the sig¬ 
nal from the aircraft could 
be picked up by a listening 
station on the same fre¬ 
quency, there was not much 
that the enemy could do 
about it. We were outside his 
capability to knock us out. 


All traffic was recorded on 
wire and the spools were 
sent by special courier to 
headquarters right after a 
mission for analysis and tar¬ 
get designation. 

It was during the latter 
part of November, 1944, 
when I was given orders to 
fly these missions as an op¬ 
erator. I had been picked be¬ 
cause I spoke the languages 
of our agents behind the 
lines, local nationals who 
had volunteered to do some 
work for us in their occupied 
countries. There was an¬ 
other reason. I had been lib¬ 
erated by the Allies in 
northern France and knew 
the dangers, pressures, and 
gnawing fears which always 
come with the job. 

The fact that I had had a 
complete flight physical and 
spent a claustrophobic hour 
in a decompression cham¬ 
ber to see if I was qualified 
for flight duty did not im¬ 
press the US Navy Com¬ 
mander in charge of the 
Joan-Eleanor project or his 
staff of electronic wizards 
who made up the special 
unit at the Watton airbase, a 
field used by the 25th 
Bomber Group and a squad¬ 
ron of Mosquitoes. The lat¬ 
ter were used to fly weather- 
reconnaissance and path¬ 
finder missions. Three of 
their ships had been as¬ 
signed to the Joan-Eleanor 
team and were modified to 
take the equipment, the 
range-extension tanks, and 
nuts like me. After a wel¬ 
come briefing I was intro¬ 
duced to the head pilot, an 
Air Corps flyer with lots of 
experience in Mosquitoes. 
He seemed amused when I 
told him that I had been up 
in planes only a few times 
(usually as either a passen¬ 
ger or a parachutist), so he 
suggested that we take a 
look at the bird. 

The Mark XVI Mosquito 
had fine lines in its mottled 
camouflage paint, but 
looked ungainly on the 
ground because of its three- 
point landing system. Fol¬ 
lowing the pilot into the 
cockpit through a hatch be¬ 


hind the nose, I settled into 
the right seat and straddled 
the dual controls. The dash 
in front of me was cluttered 
with all kinds of instruments 
and there were black-box 
navigation aids on my side 
of the cockpit which I had 
never seen before. From the 
shoulders up, visibility was 
excellent through the 
Plexiglas™ canopy. The 
pilot explained that most of 
the armor and all the weap¬ 
ons had been removed to 
lighten the plane for the 
sake of altitude, speed, and 
range. 

It was, in fact, a hot ma¬ 
chine, with but one very bad 
habit. During hard landings 
it was commonplace for the 
fuselage tail section to 
break off behind the bomb 
bay and turn into a pile of as¬ 
sorted chips, toothpicks, 
and skewers (because it was 
made of wood). This was the 
place where I would be sit¬ 
ting. 

On this sour note, we 
strolled under the starboard 
wing with its huge engine 
nacelle to look at the radio 
compartment. It was indeed 
very small, and I had to 
crawl on my hands and 
knees to get in. Once seated, 

I realized that everything 
was within reach and that 
probably one could survive 
in this broom closet for the 
six to eight hours which was 
the length of the average 
mission. 

Clamped under the seat 
was a plastic funnel at¬ 
tached to a flexible hose 
which was described as a re¬ 
lief tube—a one-shot affair 
since it never failed to 
freeze up at high altitude. 
Then came the clincher. The 
access hatch could be jetti¬ 
soned in an emergency, but 
the open i ng was too sma 11 to 
bail out with the parachute 
on. In theory, the radio op¬ 
erator was supposed to 
jump with the chest pack in 
his hand, hook it on while 
falling, and then pull the 
"D" handle. I was tempted 
to ask if any of my predeces¬ 
sors had ever survived such 
an escape procedure, but 
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the bar at the club was 
about to open and my 
mouth had become so 
parched that I could not ar¬ 
ticulate the question. Be¬ 
sides, I had been told that I 
might get to meet Major 
Clark Gable, who was 
known to patronize the 
same establishment during 
these stressful times. 

The first familiarization 
flight came the next day, 
and I sat in the navigator's 
seat. After takeoff we 
climbed steeply into the 
clouds and I watched the al¬ 
timeter and rate of climb in¬ 
dicator wind up like crazy. It 
was an astonishing perfor¬ 
mance to an earthling like 
me, and I was elated when 
we broke out into brilliant 
sunshine looking down upon 
the cumuli and the haze of 
the English countryside. 
Climbing through 10,000 
feet, the pilot instructed me 
to go on 100% oxygen. The 
plane leveled off at about 
30,000 as the engine con¬ 
trols were set to the cruise 
mode. The indicated air¬ 
speed settled around 320 
knots, and the outside air 
temperature showed a chilly 
-40° F. 

The pilot made various 
maneuvers and I was al¬ 
lowed to touch the controls 
lightly to get the feel of the 
plane. It was a thrilling but 
short experience, especially 
since from here on out I 
would have to ride in the aft 
compartment and mess 
around with Joan-Eleanor. 

After that it was just plain 
work, work, work. I was 
drilled on procedures, on 
techniques, and spent hours 
in my small radio shack. I 
learned to work the sets in 
my bulky flight gear, the 
heated suit, the gloves, the 
helmet, and how to use the 
oxygen. I did this by the red 
glow of the overhead light 
and also in total darkness to 
simulate power failure when 
it would have to be a matter 
of feel. 

Ten days later, I flew my 
first simulated radio mission 
at altitude over the airfield. 
The sets had been warming 
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up during the climb and I 
was ready to click the trans¬ 
mit switch on at the precise 

"George, George... this is 
Victor. Do you copy?" 

There was no reply, and 
after several futile attempts 
I asked the pilot to shift his 
flight path so that I could 
give it another try. Finally, 
there was an audible re¬ 
sponse from base. 

"Victor, Victor.. .this is 
George. You are loud and 
clear. How me?" 

Hands flying, I pressed a 
button which would flick a 
light in the cockpit to show 
that there was contact with 
the ground and at the same 
time I hit the Record switch 
on the wire recorder Di¬ 
rectly in front of me the 
magnetic compass began to 
turn slowly, showing that we 
were flying in a shallow 
bank. Tentatively, I rotated 
the antenna steering wheel 
to search out the strongest 
signal. I chuckled at the idea 
that in a manner of speaking 
I was flying the aircraft, but 
there was work to do and the 
time had come to get my act 
together 

The fellow operating the 
ground set was reading off 
some prearranged poop, 
and I talked just enough to 
keep the contact going. 
After about ten minutes, 
George signed off and I sig¬ 
naled the cockpit that my 
work was done. During the 
descent to base I rewound 
my precious wire recording 
and pocketed the spool It 
was going to be my gradua¬ 
tion diploma. I felt pretty 
good about the whole mis¬ 
sion until the pilot decided 
to perform some barrel rolls 
for my benefit, and I experi¬ 
enced such weightlessness 
and gut-wrenching Gs that 1 
nearly lost everything in my 
stomach all over the radios, 
flight gear, and all other 
equipment. 

Back on the hardstand 
the crew chief helped me 
crawl out through the hatch 
and gave us all a lift to the 
debriefing room. There we 
discussed the actual path of 


the aircraft over the base, 
and the technicians played 
the wire that I had brought 
back with me. It was a lousy 
recording, with static and 
fading, but it was audible 
and could be transcribed. 
Apparently, we had strayed 
outside of the propagation 
cone —or something had 
gone wrong with the equip¬ 
ment. The latter was hotly 
denied by the humorless na¬ 
val type and his aides, but I 
did not mind taking the 
blame because I did not 
care if I ever flew in that 
contraption again and I 
knew that it would take a lot 
more practice and a healthy 
dose of luck to bring home 
the bacon. 

It was mid-November 
when I was alerted for my 
first real mission over Ger¬ 
man-occupied territory. Our 
man, code named Bobby, 
had parachuted into Hol¬ 
land a few weeks ago and 
had made contact with 
the Dutch underground 
Through the so-called inno¬ 
cent messages which were 
regularly broadcast by the 
BBC. a date and place had 
been set for a contact with 
Joan-Eleanor. This was to be 
two days later near the Ger- 
man-occupied town of 
Zwolle, east of the Zuider 
Zee. 

Bobby was not a com¬ 
plete stranger to me, even 
though we had never met 
face to face. We had talked 
on the telephone while he 
was being kept in a safe 
house during his training be¬ 
cause it was important for 
him to know to whom he 
would be talking while 
doing his stuff He had spo¬ 
ken in English with the slight 
guttural accent so peculiar 
to Hollanders, and I felt 
pretty sure I could recognize 
it through distortion, fading, 
and static. After some plead¬ 
ing, I had been given a wax 
Dictaphone-cylinder record¬ 
ing of a conversation be¬ 
tween Bobby and his case 
officer. A few playbacks 
gave me some confidence 
that I would recognize his 
voice. 


Bobby and I also had 
agreed on a rather simple 
emergency code by which 
he could tell me that he was 
operating under duress—if 
this ever came to pass. He 
was to talk about the 
weather in the early stages 
of the contact, and this 
would be my cue. What 
would happen then was left 
to improvisation. 

The preflight briefing was 
routine Rendezvous over 
the target was scheduled for 
1:30 in the morning, and we 
were to be at 35,000 feet for 
the orbit. Our plane was to 
go in with four other Mos¬ 
quitoes on a pathfinder mis¬ 
sion over the Ruhr, but 
somewhere over France we 
were to turn north, cross the 
battle line in southern Hol¬ 
land, and make for Zwolle. 
The return flight from the 
target after the contact 
would be unescorted over 
the North Sea. 

The weather over the con¬ 
tinent had been unusually 
bad for this time of the year, 
and the Air Corps had drawn 
blanks on visual and photo 
reconnaissance. This was 
why recent observations 
taken on the ground were in¬ 
valuable. The target was still 
obscured and navigation 
would have no ground ref¬ 
erence whatever What it 
boiled down to was that it 
would be my job to find 
Bobby— or, rather, his little 
transmitter —among the 
polders and canals. 

We met at the aircraft to 
stow the gear and check out 
the radios, and it was not 
long before we started on 
the taxi roll and moved to 
the active runway. Moments 
later, my instruments 
showed that we were climb¬ 
ing fast. and I connected the 
oxygen and my heated suit. 
It was not uncomfortable 
when we cleared our depar¬ 
ture from England with air- 
defense radar and contin¬ 
ued the climb to mission al¬ 
titude, but when we reached 
it, the outside air was down 
to -56° F and I could feel 
the cold nibble at the ex¬ 
posed bitsof skin around the 


oxygen mask. As a precau¬ 
tion I turned on the radio 
and the recorder to keep 
them warm The boys up 
front were rather terse with 
their exchanges on the inter¬ 
com; the crew could see the 
black, velvety sky sprinkled 
with diamonds and would 
be keeping their heads on a 
swivel looking for German 
fighters. 

I was in a bit of a daze 
when the navigator called to 
report that we were 30 miles 
or so out of the target and 
would fly a dogleg to use up 
the time before the contact. 
He sounded like bullfrog be¬ 
cause of the thin air, and I 
acknowledged with a similar 
croak. Then I gently lowered 
the antenna and made sure 
that everything was still 
working. Probably, Bobby 
was standing in some wet 
field down below, in viola¬ 
tion of the strict German 
curfew, of course, checking 
his gear. The minutes went 
by slowly —too slowly to 
suit me On the dot, I 
switched to the transmit 
mode and made the first 
call. 

"Bobby, Bobby...this is 
Victor. Do you receive?" 

On the third call there 
was a faint response, but I 
was not sure, and I tried to 
raise him again, asking for a 
short count. While straining 
to hear him I rotated the an¬ 
tenna in a slow sweep to see 
if I could pick up a stronger 
signal. After a few more sec¬ 
onds of flight I picked him 
up again at the end of his 
call, so I flashed the pilot to 
begin his orbit. The plane 
banked gently to the left as I 
went on the air again. 

"Bobby, Bobby ...this is 
Victor. How do you receive 
now?" 

He came back to me say¬ 
ing: "I can hear you fine 
How me?" 

What luck, I thought. 
Here I am flying around like 
an angel and I've got a five 
by nine contact on the third 
try. Bobby should feel pretty 
good, too, so I asked him 
how he was doing. 

"Hello, old chap," he 
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came back. "This is Bobby. 
Had some trouble making 
contact with our friends at 
first and the weather has 
been terrible. It is cold, too." 

It hit me like a punch in 
the solar plexus a fraction of 
a second later Did I hear 
him right? 

'Bobby, say again, You're 
fading." I absolutely had to 
verify 

He said it all over again in 
just about the same words — 
without a bit of emotion — 
and I had it all on the thin 
steel wire of the recorder. 
Bobby had been taken. Six 
miles below me he was 
working his set with a gun at 
his head. From here on out 
the best I could do was to 
keep him on the air—and 
alive. 

We went on with the con¬ 
tact and he began to pass 
me information on train 
movements, supply dumps, 
and the location of German 
units in his area. It would 
have been great stuff if it 
had not been manufactured 
data, or "chickenfeed," as 
we call it in the trade. He 
transmitted for close to six 
minutes or so and then I 
asked him to set a date and 
time for the next contact 
which I would confirm in the 
usual manner. 

Just before I signed off, I 
glanced at the recorder and 
saw that in the intense cold 
the wire had broken. The 
take-up reel was one-third 
full and that was all. I told 
the pilot that we were 
through on my end and that 
we could go home. As we 
headed northwest I re¬ 
moved my glove and with a 
shaking hand tried to make 
some notes on my knee pad. 
When my fingers got so stiff 
from the cold that they 
wouldn't move, I gave it up 
and concentrated on re¬ 
membering. 

We were still at altitude 
heading for the North Sea 
when I heard a dull explo¬ 
sion on the starboard side 
followed by a seat-of-the- 
pants sensation that the 
plane was slowing down. 
There was a quick exchange 


up front (which I could over¬ 
hear on the intercom) to the 
effect that we had lost one 
engine and had feathered 
the prop The instruments 
confirmed the loss of speed 
and the slow descent I 
turned off all my electrical 
equipment, trusting the old 
flashlight. 

We still had to fly above 
the reach of the German 
flak batteries along the 
coast, and the altimeter was 
winding down until it 
showed that we were in the 
denser air. Adrenaline was 
pumping wildly as I reached 
for my parachute under the 
seat and rehearsed the pro¬ 
cedure for bail-out —with 
the chest pack in my hand, 
fighting the slipstream. Of 
course, the whole plane 
could blow up or be hit, and 
the basic question would be 
quite academic. Over the 
frigid North Sea towards 
which we were still slowly 
descending, we had become 
night-fighter bait. That un¬ 
pleasant possibility made me 
wish for the relief tube until 
we cleared our entry with 
British radar and were vec¬ 
tored to one of their emer¬ 
gency airfields on the left 
bank of the Thames River. 

It was the smoothest land¬ 
ing I experienced in a Mos¬ 
quito and not a moment was 
wasted in releasing the 
hatch cover as we bumped 
over the pierced planking of 
the taxiway and came to a 
stop. My exit was about as 
graceful as that of a grizzly 
emerging from his den, and 
this ridiculous performance 
was illuminated by the spot¬ 
lights which a dozen or so 
emergency vehicles were 
playing on the crippled Mos¬ 
quito. Since the machine 
gave no indication that it 
would blow up, I crawled 
back into my hole to retrieve 
the knee pad with my scrib¬ 
bled notes and the spool of 
wire on which technology 
had etched at least a part of 
Bobby's message to me. 
Then, knowing in my heart 
that I would rather be an old 
and not-so-bold flyer, our 
crew of three was whisked 


by ambulance to the base 
dispensary for a checkup 
and a double shot of medic¬ 
inal spirits.. .the traditional 
remedy against airman's fa¬ 
tigue, the bends, loose bow¬ 
els, and other impairments 
of the mind which invariably 
follow a near crash. 

We stayed together 
through the debriefing, but 
while my buddies were al¬ 
lowed to sack out, I was 
flown back to home base in 
a little Lysander liaison 
plane for an early morning 
tete-a-tete with my naval 
boss and a subsequent over¬ 
land trip to London. Some¬ 
thing had to be done quickly 
about Bobby, and we also 
had to know if Joan-Eleanor 
had been compromised by 
his probable capture. I am 
not sure what the priorities 
were 

I was tired, and today, so 
many years later, I have only 
a coarse recollection of all 
that happened in that 
soundproof conference 
room on Grosvenor Street, 
but my story was dissected 
in minute detail and they 
played that miserable short 
bit of wire I had brought 
with me. I got a bit huffy 
when I had to explain again 
and again to these nattily- 
uniformed gents that it is not 
good for one's health to light 
a cigarette near a pure oxy¬ 
gen atmosphere in order to 
anneal a piece of wire be¬ 
fore knotting it, not to speak 
of other difficulties like 
heavy gloves, the ticking 
seconds, the excitement, 
and the simple fact that 
standard procedure goes 
out the window when a 
man's life is about to be 
blown away. 

As we were exploring var¬ 
ious alternatives, Bobby's 
life expectancy became 
very important to me, and I 
volunteered to make as 
many flights as they wanted 
over Zwolle in order to 
make contact and extend his 
false value to the Germans. 
At the same time they were 
going to energize the Dutch 
underground in an effort to 


get the whole story or at 
least to confirm what I felt 
pretty sure had happened to 
him. 

If this were a piece of fic¬ 
tion, all kinds of happy end¬ 
ings could be invented... 
but it isn't. There were two 
more flights over Holland 
and both drew blanks. 
Bobby remained silent then, 
and is to this day. It is small 
comfort to believe that his 
last transmission is still trav¬ 
eling in space. 

I flew my allocation of 
missions with Joan-Eleanor, 
which was not compro¬ 
mised, and a good many 
were productive. The flights 
took me as far east as 
Prague, to Berlin, Hamburg, 
to the rocket laboratories at 
Peenemunde, and to other 
targets until Hitler's Reich 
collapsed. Fresh informa¬ 
tion from our men on the 
ground combined with aeri¬ 
al photography was of great 
value at a time when tradi¬ 
tional intelligence channels 
were too slow to fit a fluid 
situation. 

Some thirty years later I 
read a modest reference to 
Joan-Eleanor in a declassi¬ 
fied report on the wartime 
activities of the OSS. It indi¬ 
cated impersonally that the 
project contributed to the 
war effort. That was after 
the fact, however. At the 
time of which I have written, 

I was concerned only about 
keeping the radio going 
while imagining the pyro¬ 
technics on the ground 
through a lattice of moonlit 
vapor trails.■ 
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Charles Houghton WB61CP 
6J4s Badger Lake Road 
San Diego CA 92119 


Build a 1296 Stripper 

Join the fun on 7296 MHz with 
WB6IGP's stripline downconverter. 



Fig. 11a). Printed circuit toil pattern, actual size. 



Fig. 1(b) Parts placement. Coax connectors are mounted on the ground-foil side. Provide clearance through the PC board so 
that center conductor does not ground out. 
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Fig. 2. Schematic diagram. 
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Fig. 3. Chokes. 



H ere is a microwave 
converter that is easy 
to construct and operate. 
This design removes the 
bulky oscillator-multiplier 
requirements and places all 
components on a single 
printed circuit board in 
stripline fashion. In this 
manner all of the critical in¬ 
ductors are etched onto the 
board and do not require 
tuning except for the oscil¬ 
lator circuit. Several sta¬ 
tions locally have con¬ 
structed this unit and have 
found it to be trouble-free. 

The design goal was to 
create a workable unit that 
could be constructed in any 
parf of the country using lo¬ 
cal parts suppliers such as 
Radio Shack. The one critical 
component on the PCB is the 
chip capacitor on the base of 
the oscillator transistor. This 
capacitor is essential to the 
proper operation of the 
oscillator. I have had trouble 
with units constructed using 
other than disc-ceramic ca¬ 
pacitors. They just don't 
work at this frequency, so 
don't substitute any other ca¬ 
pacitor; the stability and fre¬ 
quency of the oscillator de¬ 
pend on it. 

Where most capacitors 
fail is with the inductance in 
the leads and the package 
used to contain the capac¬ 
itor. The chip capacitors are 
leadless, limiting the series 
inductance to a bare mini¬ 
mum. (See below for tips on 
how to scrounge at local 
swap meets to discover chip 


capacitors in some very un¬ 
likely spots!) 

The transistors used were 
Motorola MRF-901 and 
were obtained at the local 
Radio Shack store along 
with the Schottky mixer di¬ 
odes. Other devices could 
be substituted, such as the 
NEC-02136 oscillator and 
the NEC-02135 amplifier, 
depending upon suppliers 
available. The remaining 
parts can be obtained from 
the junk box or surplus 
PCBs—to hold down costs. 

The resistors should be 
Vi W. Either long or short 
leads will work just fine. 
There are two rf chokes that 
need to be wound first. Se¬ 
lect smooth Vi-W resistors 
to wind the chokes on as 
winding on them is a lot 
easier than on film types, 
which tend to bulk the wind¬ 
ings near the center of the 
resistor body and make at¬ 
tachment of the wire ends a 
little loose. If you do use 
film types, coat the chokes 
with a good quality "Q" dope 
to hold the windings distrib¬ 
uted on the resistor body se¬ 
curely. See Fig. 3 for details. 

Make sure you have re¬ 
moved the enamel coating 
on the ends of the wire so as 
to ensure a good connec¬ 
tion. I have lightly held a 
fine grade of sandpaper and 
pulled the wire through it. 
Light pressure must be used 
or the wire will break. 
Another method is to dip 
the wire into some rubbing 
alcohol, remove the wire 


quickly, and hold it in a 
match flame to remove the 
enamel. While the wire end 
is still hot, dip it into the 
alcohol again and it will be 
bright and shiny and ready 
for soldering. (I used about 
one-half ounce of alcohol in 
a small tip-proof container.) 

Concerning the chip ca¬ 
pacitor, many printed circuit 
boards should be looked 
over for suitable capacitors 
that may be hiding chips. 
Look for the little square 
types, usually black, about 
one quarter of an inch 
square. These are capaci¬ 
tors embedded in epoxy 
with wire leads attached. 
With a little patience, the 
capacitor can be removed 
from this epoxy prison. I 
have used diagonal cutters 
to slowly chip away the 
sides and the top of the 
unit. The front and back 
can then be pried off with a 
sharp edge or the diagonal 
cutters. See Fig. 4 for 
details. 

Mount the resistors first 
and then the rf chokes. 


checking them for continui¬ 
ty. Then mount the chip ca¬ 
pacitor. You might want to 
hold it down with a tooth¬ 
pick until one side is sol¬ 
dered into position. Mount¬ 
ing the diodes and transis¬ 
tors last will protect them 
from abuse. Do not forget to 
connect the points marked 
with a dot to tie the sides of 
the foil together. This con¬ 
nects the rear ground sur¬ 
face to several points on 
the PCB; use scrap pieces of 
solid wire. 

The transistor used for 
the oscillator should be 
modified by cutting one of 
the emitter tabs off close to 
the case of the device. (If 
the NEC-02136 is used, no 
modification is needed as it 
comes as a three-lead de¬ 
vice.) See Fig. 5 for details. 
Do not modify the device 
used for the i-f amplifier. 
Both emitter leads are in¬ 
serted into the hole be¬ 
tween the base and collect¬ 
or stripline. The emitter 
leads are then soldered to 
the rear ground foil. 
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Fig. 5. Oscillator transistor. 



Fig. 6. Power supply, 8-14-V-dc adjustable. 


Construction of the pow- changing the length of the 
er supply is all that is need- collector stripline. Output 
ed now to place the con- frequency depends on com- 
verter into operation. A ponents used and the lead 
printed circuit board was dress. Nominal frequency 
not used as the components without changing the strip- 
were mounted on terminal line is about 1050 MHz, and 
strips. See Fig. 6 for details. is 1400 MHz with a very 
Operation with the fixed- short collector stipline. 
voltage regulator is mod- Coupling out of the oscilla- 
ified to provide a variable tor is accomplished by a 
dc-voltage output of about short section of transmis- 
eight to twelve volts. By sion line (stripline) to the 
placing a resistor in the upper arm of a microstrip 
common lead of the regula- branched-arm, 30-dB, hy- 
tor to ground, the voltage brid mixer. The upper arm 
can be adjusted from its and 'ower arm are resonant 
lowest regulated voltage to to the incoming rf signal, 
some higher value. While while the side left and right 
high output current cannot arms are resonant to the lo¬ 
be obtained with fixed regu- cal-oscillator signal, 
lators, they can provide the This frequency is about 
amount needed for this ap- 1220 MHz when the con- 
plication. (A variable regu- verter is turned to 1290 
lator could be used but MHz. Schottky diodes are 
they are about four times as used in the mixer due to 
expensive.) Ten volts will their low loss and low noise 
adjust the converter to the figure. The rectangular 
designed center frequency stripline on the diode out- 
you desire. put decouples the micro- 

The oscillator, on its fun- wave frequencies (1280 
damental, is adjusted by MHz, 1150 MHz, and 1220 
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Fig. 7. Power feed for remote operation. 


MHz) and passes the i-f sig- power on and off to ob- 
nal on to the preamplifier, serve the difference; it 
This amplifier provides should be quite apparent, 
about eight dB of gain. Con- Without test equipment, 
nection to the television re- this is the easiest test to 
ceiver is made with a 75-to- tell if the system is work- 
300-Ohm balun. ing. The snow is the result 

While the converter can of the local-oscillator feed 
be kept in the station prop- through the mixer and i-f 
er with a direct connection amplifier, 
to the power supply, it also Adjustment of the local 
could be mounted up on oscillator is next. Set the 
the antenna with a small power supply to mid-range 
modification and a suitable ( a bout ten volts). Then start 
weatherproof box. The con- trimming the collector 
verter is modified by plac- str ip|i n e, 1/32 to 1/16 of an 
ing a 0.5-microhenry de- j nc h at a time for the first or 
coupling choke from the second cut, until you get 
positive dc strip to the i-f the f ee l of how much fre- 
output connector. In the qu ency is changed on each 
station end of the coaxial cut Co s | ow |y! When the 
cable another 0.5-micro- frequency is within 50 MHz 
henry choke is placed from or so start trimming in 
the center connector of the i/64-inch increments. If at 
coaxial cable to the power an y time you have used a 
supply. The coaxial ground soldering iron on the PCB, 
sheath is tied common to postpone frequency mea- 
the system ground and the surements until the board 
power-supply negative out- has returned to room tern- 
put. The coupling to the tele- per ature-about fifteen min- 
vision receiver is through a utes maximum. 

.001-uF-dc blocking capaci- |f you rush this step and 
tor. See Fig. 7 for details. mount the convert er on the 
Testing the converter can roof, you may find out later 
be very easy if a signal gen- that the frequency is so far 
erator or an on-frequency out of range that the con- 
signal is available. If not, verter is unusable. Go slow- 
then you will need to set the ly, and the adjustment will 
oscillator frequency with a come out right the first 
frequency counter. The time. 

only other method is the Adjustment of the power 
cut-and-try method; not too supply should vary the 
scientific, but it can work, voltage to the oscillator 
Adjustment of the oscil- and j.f amplifier, shifting 
lator need not be difficult t h e frequency of operation 
as long as some means is p | us an d minus 20 MHz, de- 
available to check frequen- pending on power supply 
cy or observe a signal. swing voltage. The voltage 

When power is applied to swing does not affect the 
the converter for the first performance of the i-f 
time (and all is well) you amplifier as long as the 
will observe very heavy voltage does not go below 
snow on the TV screen. 5-6 volts. I do not recom- 
Confirm this by turning the mend operation at this low 







coaxial R. F, 
antenna switches 


Heavy Duly switch (or true 
1 Kw POWER - 2 Kw P.E.P. 


All unused positions grounded 

.CS-3G-UHF connects , $27.25* 
•CS3&BNC BNC connectors $36.50' 

2 Pol*, 2 Position, bypasses, 
llnears. reflectometers antenna 
tuners, etc 


ngle Pol*, 5 Position, all unused 
positions grounded 

•CS-eG - UHT connectors / $32.00* 
4CS-6G-BNC BMCconnectors/ $46.50- 


U. OUR PRODUCTS MADE IN USA 


Quality Communication Products Since 1932 

At your Distributors write or call 

10 Canal Street. Bristol PA 19007 mmm 

(215) 788-5551 mmk 



voltage as the system be¬ 
comes unstable. The oscil¬ 
lator stability is quite good 
considering it is a free-run¬ 
ning oscillator. It will drift 
with changes in tempera¬ 
ture, but slight adjustment 
of the power supply will 
correct this. 

A further development of 
this system can be to incor¬ 
porate a phase-locked local 
oscillator providing the re¬ 
quired stability needed for 
single-sideband operation 
on 1296 MHz The proto¬ 
type unit that I have con¬ 
structed requires extensive 
metal work for shielding be¬ 
tween the phase-locked cir¬ 
cuits and the local oscil¬ 
lator. I am trying to provide 
this circuit in the same man¬ 
ner that this converter was 
constructed, possibly on a 
two-layer PCB to eliminate 
the milling work. But that is 
another story. 

I hope that this project 
will provide you with the 


many hours of enjoyable 
operation that it has me. 
Construction of this con¬ 
verter is easy. Not that it 
will build itself, but with the 
stripline construction, all of 
the critical inductors are 
etched on the printed cir¬ 
cuit board. In constructing 
your own PCB, the dimen¬ 
sions should be held to 1 to 
2 percent for commercial 
purity. I have found that I 
could vary up to 5 percent 
(about fifty thousandths of 
an inch) before my equip¬ 
ment could detect any 
change in system perfor¬ 
mance at this frequency 

For those not desiring to 
construct their own printed 
circuit boards, I will pro¬ 
vide one for five dollars 
plus postage. 

I would like to corre¬ 
spond with interested par¬ 
ties concerning this project 
or other related items. 
Please include an SASE for 
a prompt reply.! 
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Bill Pasternak WA6ITF 
73 S tali 


Looking East 

Silver Eagle award-winner Bill Pasternak recalls 
his 25-year relationship with W2NSD and 73 . 


T here's an old adage that 
says: "Time flies when 
you're having fun." Well, the 
past 25 years have gone by 
rather quickly, so I guess I 
have enjoyed them 

I first met Wayne Green 
W2 Never Say Die in I960 I 
have told this story before, 
but it seems kind of apropos 
that I repeat it once more. It 
was late summer and I was 
at the home of my buddy 
Larry Levy WA2INM when 
John, then WA2FMF, and the 
red wagon showed up. John 
was very excited. His little 
wagon was going to appear 
in a new amateur-radio mag¬ 
azine. "What new amateur- 
radio magazine?" asked 
INM as he put down the 
glowing red Wen soldering 
gun. 

John explained that he 
had just left Wayne Green 
W2NSD, who lived several 
blocks away in the Flatbush 
section of Brooklyn John 
had been talking to Wayne 
on 2 meters, and since he 
didn't want to interrupt the 
QSO and he didn't have a 
car, he loaded his Gonset 
Communicator III, an auto¬ 
motive battery, and a halo 
antenna onto a kid's red 
wagon and wandered the 
mile or so over to the Green 
QTH. Keep in mind that this 
was the pre-HT era, and go¬ 


ing portable meant taking a 
husky power source along 
with you. 

As it turned out. WA2FMF 
happened upon Wayne at a 
time when W2NSD was 
looking for material for a 
new ham magazine, so out 
came the camera and John's 
"Little Red Wagon Mobile" 
was captured on film for 
posterity. John's next stop 
was Larry's QTH, probably 
because he knew that Lar¬ 
ry's dad would drive him and 
his gear back home. He did. 

It was the following Satur¬ 
day or Sunday that I had my 
first visitation with W2NSD. 
John and I were again at 
Larry's house As usual, 
WA2INM was busy invent¬ 
ing something It was a bit 
after lunch when we de¬ 
cided to go visit Wayne. Not 
having vehicular transporta¬ 
tion—Larry's father Max 
was out —we walked the 
half mile. 

At that time, Wayne lived 
on the top floor of a two- 
family house, but the place 
had anything but the look of 
a home If it had to do with 
the publishing business, it 
could be found in the 
W2NSD castle. If it had any¬ 
thing to do with amateur ra¬ 
dio, it was there as well. It 
was at this point in my 
young life that I learned that 


there was more to ham radio 
than turning on my rig and 
talking to Larry, John, and 
several other locals. 

Wayne was about a 
month from his self-imposed 
introductory date for 73. 
Manuscripts were every¬ 
where. I cannot remember 
if there was a desk or not. 
What sticks in my mind is 
the typewriter on the floor, 
with papers piled high sitting 
next to it. I have a feeling 
that's where Volume I, Issue 
I was pieced together. The 
other very vivid thing in my 
memory is a gigantic mosaic 
tile taking up the entire floor 
of one room. That mosaic 
would grace the front cover 
of the magazine several 
months later 

I suspect that much of 
this first meeting is so well 
ingrained in my memory be¬ 
cause it transpired only a 
week or two before my 
mother passed away from a 
bout with cancer During the 
week, my job was that of 
caring for her while Dad was 
at work or trying to get some 
needed sleep. I would sleep 
when I could, mainly in the 
afternoons after my younger 
brother got home from 
school. It was a waiting 
game, a grim one at best, 
and the only time I could es¬ 
cape from it was on the 


weekends when Dad took 
over and I would spend a 
day or two with Larry and his 
family. They were my "other 
mom and dad." 

I lost track of Wayne and 
73 for the next few years. I 
had promised Mom I would 
attend college, and I really 
gave it a try. I gave it two 
years, but that was about all 
I could take. I was, to say the 
least, bored stiff. I had al¬ 
ways been brought up as a 
"doer," and being a "learn¬ 
er" never had been my style. 
So I walked away from 
higher education and into 
the business world, bumping 
from TV repair to TV and ra¬ 
dio production (mainly the 
former). 

In the meantime, I again 
crossed paths with W2NSD 
in a rather strange way, Larry 
was away at college and I 
had just become an active 
ham again. I was living on 
my own and frequently vis¬ 
ited the Levys It was on one 
of those dinner visits that 
Wayne passed by Larry's 
house to pick up something 
or other. For some reason, I 
had been on the 73 "comp 
list" since the first issue, and 
I remarked to Wayne how 
well I thought the magazine 
was coming I really had no 
basis for comparison, since 
my subscriptions elsewhere 
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had lapsed long ago. I noted 
to W2NSD that I had just 
completed designing a new 
6-meter converter because 
nothing on the market met 
my needs. After describing 
it, he said, "Write it up and 
I'll publish it." I did, he did, 
and that began an ongoing 
23-year formal relationship 
with 73 that has lasted until 
this day. 

In the intervening years I 
mainly wrote product re¬ 
views and commercial-gear 
modification articles, and it 
was not until 1971 that I be¬ 
gan another literary aspect 
of my life—writing a month¬ 
ly column. It all started in¬ 
nocently enough, Larry and I 
were winding down our 
three-year business and I 
was planning a move to the 
west coast. Larry and I had a 
rather strange business that 
developed "disco light 
shows," but we subsidized 
this by doing television and 
stereo repairs. Two of our 
customers were Wayne's 
parents. We had their color 
set in the shop for some 
much-needed TLC. Wayne 
had already moved to Peter¬ 
borough several years earli¬ 
er, but he came into town 
regularly to see his mom and 
dad. When he found that we 
had taken their TV to the 
shop for repairs, he wan¬ 
dered by to see what was up. 
It was in the course of our 
conversation that I told him 
I would be heading west the 
following month, and he 
said that I should document 
the trip and my arrival for 
73, paying special attention 
to the 2-meter FM activity I 
encountered en route 

Several months later I fi¬ 
nally got around to writing 
the article he had requested. 
It was my first attempt at ed¬ 
itorial journalism, and to say 
that it was bad would be an 
understatement. The article 
was returned with a note 
that simply said: “Try 
again—Wayne." So I tried 
again, but rather than write 
an article about the trip, I 
wrote about the treatment 
afforded a newcomer to a 
strange land. I titled the ar¬ 


ticle "Looking West," and 
apparently the boss liked it. 
It appeared in the March, 
1972, edition of 73. 

"Looking West" was nev¬ 
er intended as a column. 
That's why there was no 
April or May version of it 
that year It took that long 
for W2NSD to convince me 
to write another "episode," 
since it was apparent that 
those who read the maga¬ 
zine had a desire to find out 
what the Southwest was 
doing FM-wise. Well, the 
Southwest in general and 
the Los Angeles/San Diego rf 
corridor was doing quite a 
lot, and I had arrived at just 
the right time. 

On ly a week before my ar¬ 
rival, the Southern Califor¬ 
nia Repeater Association 
had been born out of the 
ashes of the old California 
Amateur Relay Council, and 
2-meter frequency coordi¬ 
nation was coming to the 
Southwest. This was the ob¬ 
vious topic to follow, but I 
wanted to add some human 
interest to the "cold facts." 
The best way to do that was 
to join the Southern Califor¬ 
nia Repeater Council and 
get to know the people in¬ 
volved. 

I had been turned off to 
repeater councils several 
years earlier by the heavy- 
handed tactics of the now- 
defunct Northeast Repeater 
Association, but unlike the 
NRA the people running the 
SCRA appeared to be very 
warm and open-minded. I 
joined so that I could be a 
snoopy news reporter on the 
inside, but I wound up split¬ 
ting my free time for the bet¬ 
ter part of a decade between 
helping to guide the SCRA 
and writing "Looking West." 

It was directly as a result 
of "Looking West" and 73 
that my career took a sharp 
turn in 1974. It happened at 
SAROC in Las Vegas. I was 
there, Wayne was there, and 
so was a mutual friend 
named Dave Bell W6BVN 
(now W6AQ), I had met 
Dave a year earlier when he 
called and asked if I could 
pass by his studio and look 


at a TV set. It seems that 
W2NSD had told Dave that 
I knew a bit about those 
beasts. 1 was unaware that 
Dave Bell was a filmmaker, 
even though I had seen his 
Hams' Wide World numer¬ 
ous times. Who ever looks at 
the credits, right? 

Well, it was at SAROC 74 
that Dave started picking 
my brain with regard to a 
new ham flick he was think¬ 
ing of doing. It was the era of 
the CBer, and the image of 
hams was being smothered 
by “10-4, good buddy." 
Dave's concept was a short 
documentary that would ex¬ 
plain the difference be¬ 
tween the two services and 
also try to capitalize on the 
widespread interest in per¬ 
sonal radio by converting 
CBers into hams. 

SAROC was not a good 
place to talk, but I agreed to 
send Dave my thoughts on 
the matter. I did and became 
involved in the production 
of the film. Moving Up To 
Amateur Radio. My life 
would never be the same 
after that. In 1979, Dave 
asked if I would coproduce 
another film about amateur 
radio with him. I was both 
honored and flabbergasted. 
My expertise was in the tech¬ 
nical end, not the creative, 
but Dave insisted that we 
meet for lunch and talk 
about it. The end result of 
that meeting would become 
known as The World of Am¬ 
ateur Radio, and within a 
month or two of completing 
that film, I literally walked 
out of a high-paying job I 
had held since my arrival in 
Los Angeles and reentered 
the broadcasting business, 
where I remain today. 

1983 and 1984 brought 
the team of Dave Bell, Roy 
Neal, and Bill Pasternak 
back together again for one 
more ham production titled 
Amateur Radio's Newest 
Frontier. In this case, the 
positions were rearranged a 
bit, with Roy Neal K6DUE 
as the Executive Producer. 
A new element was added 
as well —videotape. Until 
Amateur Radio's Newest 


Frontier, all ham-radio pro¬ 
ductions had been done on 
16-mm film and were even¬ 
tually transferred to tape. 
Newest Frontier changed all 
of this by taking modern 
teleproduction into the field 
nationwide and capturing 
the entire story on tape. 

Today I am employed as a 
Broadcast Engineer Special¬ 
ist with the Metrotape Divi¬ 
sion of Metromedia Radio 
and Television in Holly¬ 
wood. That's a long, long 
way from the streets and 
back alleys of Brooklyn. I 
continued writing "Looking 
West" on a monthly basis 
until 1982, when I became 
the editor of the old H.R. Re¬ 
port, which was renamed 
Westlink Report. Something 
had to go, and it was "Look¬ 
ing West." Not that it gave 
me much more time, since in 
1979 I had taken over a 
small on-air bulletin service 
called the Westlink Radio 
Network from Jim Hender- 
shot WA6VQP. It was then a 
local Los Angeles repeater 
news bulletin, designed to 
serve that market primarily. 

Well, as most of you 
know, today the Westlink 
Radio Network is still going 
strong, with automated tele¬ 
phone distribution points 
nationwide and an all-vol¬ 
unteer staff of 44 hams 
around the world. Every 
Thursday evening a new 
newscast is recorded, ed¬ 
ited, and put on-line by Fri¬ 
day afternoon. This happens 
52 weeks a year, and with 
my other activities, it leaves 
little time for play. In fact, 
my on-air activity is con¬ 
fined these days to a pair of 
repeaters on 220 and 450 
MHz while going to and 
from work, but I really don't 
mind it. 

I really owe a lot to the 
Amateur Service and to 73. 
Both are directly responsi¬ 
ble for the way my life has 
been guided, and I consider 
myself successful. Yes, it's 
been a good 25-year rela¬ 
tionship between this writer 
and 73. Time does pass 
quickly when you are having 
fun.B 
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Irving M. Gottlieb WbHDM 
931 Olive Street 
Menlo Park CA 94025 


Old Tubes Never Die! 

Discover the romance of glowing filaments. 


I magine, if you will, the 
interpretations of archae¬ 
ologists digging through the 
rubble of our remote civili¬ 
zation some three thousand 
years hence. You can bet 
your boots they will trans¬ 
pose the evolutionary 
sequence of tubes and tran¬ 
sistors. The intricacy, preci¬ 
sion, and sophistication of 
the tube's mechanical struc¬ 
ture will suggest itself as the 
product of a more mature 
technology; the transistor, 
by comparison, featuring an 
uninteresting pellet of im¬ 
pure silicon will likely be 
assessed as the stage imme¬ 
diately following the crystal 
and cat whisker. 

As for ICs, they may well 
come across as the artistic 
artifacts of our mysterious 
culture and some will doubt¬ 
lessly be assumed to depict 
long-forgotten religious 


symbolism. One can further 
speculate that the tube will 
be cited as evidence that we 
had successfully made the 
long transition from the pas¬ 
toral to the industrial soci¬ 
ety. 

Conjuring up such a sce¬ 
nario is not too farfetched. 
But, indulging again in a 
brief imaginative interlude, 
can you envisage collectors 
of transistors in the sense 
that there are tube collec¬ 
tors? Cranting that the 
point-contact transistor and 
perhaps the first junction 
transistor must have intrin¬ 
sic collector's value, the col- 
lection and display of 
transistors would evoke less 
interest than a good collec¬ 
tion of match-box covers, 
bottle caps, or Burma Shave 
rhymes. Old tubes fairly 
wreak with nostalgia, and to 
the fervent initiates who col¬ 


lect them, an aura may be 
beheld around them and an 
intoxicating odor may be 
sniffed. 

Merely holding one of 
these venerable devices of 
the past brings exotic delight 
to the dedicated tube col¬ 
lector. Thus, it is not surpris¬ 
ing that there is no great 
fetish about the operational 
condition of these tubes. To 
be sure, an intact filament 
does enhance value, but 
many are available to col¬ 
lectors just because some¬ 
one once thought the proper 
resting place for a defunct 
tube was the trash pile. An 
owner of a rare specimen is 
often quite reluctant to test 
it in any way. To be able to 
say that a tube is "probably" 
good often suffices in nego¬ 
tiations. 

Although the tube collec¬ 
tor is ever in search of an 
"original" De Forest audion, 
there are hundreds of early 
types which also are highly 
esteemed These include 
both receiving and transmit¬ 
ting tubes. The tube collec¬ 
tor looms up as the chief 
villain in the eyes of the hob¬ 
byist who gets his kicks from 
reviving antique radio sets. 
Hoarding of the OIA, 99, 
and other tubes used in 
these radios means that tube 
prices are continually esca¬ 
lating. Inasmuch as these 
sets are usually sold without 
tubes, their restoration ex¬ 
pense invariably exceeds 
one's naive expectations. 
Some OIA tubes are suspi¬ 
ciously modern in some con¬ 
structional details. Such 
"bootleg" tubes may not be 


bad for the antique radio 
fan, but there is the prevail¬ 
ing danger that the serious 
tube collector might pay 
dearly for a fake Rem¬ 
brandt! 

You, Too, Can Be 
A Tube Collector! 

To get started as a tube 
collector, you should ac¬ 
quaint yourself with some of 
the types that are presumed 
to have inordinate value. 
This will help you avoid clut¬ 
tering your collection with 
tubes of little value. It is not 
always age, per se, which 
dictates a tube's value. Rar¬ 
ity, unusual structural as¬ 
pects, and a tube's impact 
on technology all enter into 
the equation. 

As with automobiles, 
there is also an elusive fac¬ 
tor mysteriously based on 
little-understood psychol¬ 
ogy. Why is a 1965 Mustang 
able to command four or 
five-thousand bucks from 
auto buffs while a very simi¬ 
lar Chevy of that year gen¬ 
erally peddles for several 
hundred? We find it futile to 
resolve such dilemmas— it is 
easier to just accept them. 
In similar fashion, some 
tubes appear to be more ex¬ 
citing to the collector than 
others. Whether Freudian 
operatives or other sublimi¬ 
nal factors are involved is 
not really of great impor¬ 
tance; it is necessary only to 
appreciate that, like classic 
paintings, some tubes per¬ 
form better at the auction 
than others. 

A wonderful book on the 
evolution of tubes was pub¬ 
lished by Howard W. Sams 



Fig. 1. Collector's delight —a "brand-new" oldie in its origi¬ 
nal carton! Like working a rare DX station, this is a hoped- 
for occurrence that you shouldn't hold your breath in antic¬ 
ipation of. 
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in the mid-seventies. Enti¬ 
tled "The Saga of the Vac¬ 
uum Tube," it was written by 
Gerald Tyne. It contains nu¬ 
merous photographs, de¬ 
scriptions, and stories about 
tubes and obviously repre¬ 
sents a masterful research 
accomplishment by the au¬ 
thor. The book itself is a 
classic. Unfortunately, its 
publication occurred at a 
time when the electronics 
community found itself 
caught up in the overwhelm¬ 
ing frenzy of computers and 
digital logic. This publisher 
then began cutting back on 
treatises dealing with such 
"obsolescent" topics as an¬ 
alog circuits and vacuum 
tubes and this marvelous 
publication was discontin¬ 
ued. 

At ham flea markets it is a 
common spectacle to see 
strange old tubes which peo¬ 
ple gawk at but do not buy. 
That is because they see no 
use for such a tube in their 
present 2-meter rigs. This 
scenario often is recognized 
as a veiled opportunity by 
the knowledgeable tube col¬ 
lector; it is this because the 
vendor gets tired of exhibit¬ 
ing it to hundreds of cow¬ 
ards who can't muster up 
the courage to make a bid. If 
you are both a gambler and 
a tube collector, hold off 
any action until the vendor 
is ready to close shop. That 
is the time his psychological 
Achilles' heel will be ex¬ 
posed! The gamble, of 
course, is that someone as 
bright as you but a wee bit 
faster may beat you to the 
punch. At the worst, you will 
have had a lot of fun, and 
you can solemnly vow to do 
better next time! 

Be Patient — 

Wait Until the 
Moon Shines Blue. 

Once in a blue moon you 
will stumble upon a rarity of 
rarities, a hard-to-find an¬ 
tique tube in its original box! 
The inference here is that 
the box has never been 
opened and, of course, the 
tube never used. Whether 
such a near-impossible situ¬ 



Fig. 2. CW transmitters using type 10s were sometimes hard 
to copy—the dashes were too short! Only short dashes 
were permissible from a de-based 10 operating in a cup of 
transformer oil at 700 volts on the plate and nine volts on 
the filament. Plate current was about 10 mA below the 
value which could cause instantaneous destruction. 


ation actually enhances the 
tube's value to collectors 
varies with the type of tube 
and with a collector's atti¬ 
tude. Always seek a number 
of opinions before releasing 
such a find at a giveaway 
price if you are in the hobby 
to collect profits as well as 
the tubes themselves. In 
some instances, an original 
tube carton can command a 
respectable cash premium. 

It is also interesting to 
read the old literature and to 
contemplate the buck-and- 
a-half or two that many 
tubes originally cost. Along 
with gold, art, and jewels, 
maybe the financial wizards 
who tell us what stocks to 
buy and when should advo¬ 
cate a tube collection as an 
inflation hedge. Inasmuch 
as their other advice fails to 
make us rich, their reputa¬ 
tions can hardly be said to 
be at stake. 

Even if the box has al¬ 
ready been opened, as most 
probably will be the case, its 
assoc iation with the tube is a 
value enhancer. Don't obey 
your knee-jerk impulse and 
toss tube boxes in the junk- 
mail depository. When you 
swap or sell, the phrase, "in, 
or with, its original con¬ 
tainer" has magical quali¬ 
ties—it strengthens your 
negotiatory position. This is 
true even though collectors 
generally remove tubes 
from boxes and mount them 
for display. 

Darwin Would Have Gone 
Bananas over Tubes 

Few of life's trials are as 
likely to provoke the croco¬ 
dile tears from the grizzly¬ 
faced old-timer as remem¬ 
brance of the many fine tubes 
which sparkled for a time in 
the sun, then silently evapo¬ 
rated into the mists of obso¬ 
lescence. As with the Pierce 
Arrows, Reos, Hupmobiles, 
and Willy-Knights, they 
came and they went. Al¬ 
though little more than mere 
numerical designations to 
many, the ham of yesteryear 
made the most of his 46s, 
2A3s, 57s, 45s, 56s, 53s, 6J5s, 
etc. 


That oblivion would be 
the ultimate lot of these and 
many other venerable bot¬ 
tles was unthinkable at the 
time, but by the time the 6L6 
beam-power tube arrived on 
the scene, it was evident 
that Darwin's theories were 
manifesting themselves in a 
long succession of evolving 
tubes. Succeeding tubes 
would displace previous 
ones because of very spe¬ 
cialized abilities. And there 
were mutations, too. For ex¬ 
ample, out of nowhere 
sprouted the screen-grid. 
This abrupt transition left no 
missing links. The corollary 
in nature would be the rep¬ 
tile which crawled on its 
belly only to give birth to 
flying creatures. (Or was it 
the other way around?) 

Modern designers are 
wont to complain that be¬ 
fore they get their systems 
off the drawing board, the 
ICs have been superceded 
by newer or more sophisti¬ 
cated devices. But tubes in 
their heyday moved mighty 
fast, too. For a while there 
was the OIA and its "pea¬ 
nut" counterpart, the 99. 
But you couldn't just sit on 
your duff and keep up with 
the technology, for soon 
there were tubes with indi¬ 
rectly-heated emitters 
which permitted ac opera¬ 
tion. And the introduction of 
the screen-grid tube trig¬ 
gered an array of multi-elec¬ 


trode and multi-function 
tubes. 

De Forest expressed de¬ 
light and astonishment at 
the evolved versions of his 
original device. Pentodes, 
triodes, and diodes were 
packaged in a single enve¬ 
lope, and some TV tubes 
went considerably beyond 
this. A couple of class-A au¬ 
dio Watts from a pair of 45s 
was for a while the last word 
in sound reproduction, only 
to be supplanted by the 47 
power pentode, which in 
turn gave ground to 46s in 
class B. And so on up the 
ladder until apartments 
groaned under the acoustic 
burden of many tens of 
Watts from cheap radios 
and stereos. But, although it 
may have been a far cry 
from the tacky OIA to a so¬ 
phisticated pentagrid con¬ 
verter, mere technical 
fanciness does not qualify a 
tube as a worthwhile collec¬ 
tor's item. It's that unique 
blend of vintage, rarity, 
technical importance, and 
the elusive charismatic fac¬ 
tor previously alluded to. 

Transmitting- and re¬ 
ceiving-tube collections are 
generally kept separate, al¬ 
though not necessarily. 
Early transmitting tubes 
were not significantly distin¬ 
guishable from receiving 
tubes insasmuch as they had 
power ratings on the order 
of five Watts. Of course, 
many amateurs cut their eye 
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Fig. 3. On the left, a 1934 YL-73-S300 down and $37.50/ 
month for five years. Special discounts in lots of 25. On the 
right, an X-1A, circa 1899, only five tubes made, pre-De For¬ 
est control element— $3.50 or best offer. Elusive factors sur¬ 
round tube collectors' value appraisals. Rarity, vintage, and 
technological level are not the only considerations influ¬ 
encing perceived value. 

teeth on the venerable 210, a filling this gap and which 
so-called 7-1/2 Watter. This would allow the kind of reli- 
tube was to transmitting able operation never really 
what the Ol A was to receiv- attained via the overload 
ing—a universal workhorse, route. A plethora of dedi- 
And work it did; it is almost cated transmitting tubes 
shameful in retrospect to re- poured forth from the var- 
count the power inputs ious manufacturers, some of 
some hams pumped into whom got their foot in the 
those abused but obliging marketing door this way. 
bottles. But soon enough, These tubes had power-dis- 
the tube manufacturers got sipation ratings of several to 
the message. many tens of Watts and fea¬ 

tured quality insulation. 
Response to Overloading hard vacuums, rugged f ila- 
As may be suspected, a ments, and, often enough, 
host of tubes became avail- shapely contours. After 
able, making it unnecessary WWII, many of these tubes 
for the ham to drive the yielded their popularity to 
pants off the 210, not to say the 807 family of beam- 
anything about 45s, 46s, and power tubes and since then 
various receiving tubes in- have been more common on 
eluding even 71As and collectors' display racks 
201 As. Many of the "new than in transmitters, 
breed" of transmitting tubes It is hard to underesti- 
were actually electrically- mate the provocative effect 
ruggedized 10s. Included that hams' overloadingprac- 
therewith were the Taylor tices had on intermediate- 
T20 with a nice isolantite power transmitting tubes, 
base and with the plate lead The lowly 210 wasn't the 
eminating from a cap on top only victim of such abuse, 
of the tube, the RCA 801 Thus, an advertisement by 
with more "realistic" speci- the upstart Eitel-Mc- 
fications than the old "ten," Cullough Company in the 
and a Sylvania special with a 1937 ARRL Ffandbook 
long graphite plate, making shows a picture of one of 
it look more like a fifty Wat- their 150Ts with a sizeable 
ter. hole burned in the tantalum 

It wasn't that transmitting plate. The ad tells you that 
tubes were not available, this damage was produced 
but there was a gap in the by a twenty-to-one overload 
power ratings between flea- factor of 3000 Watts! You 
power level and several are further informed that no 
hundred Watts. What the av- gas was released within the 
erage ham needed was an in- tube as a consequence of 
expensive tube capable of this tremendous overload. 
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In another ad in the same 
publication, Taylor Tubes in¬ 
forms would-be ham cus¬ 
tomers that it is no longer 
necessary to overload 210s 
because of Taylor's intro¬ 
duction of tubes with power 
ratings between the 210 and 
the 203A, which can dissi¬ 
pate a nominal 100 Watts. 
Relevantly, Taylor seized 
the opportunity to list also 
its souped-up HD-203A, 
which sported a carbon an¬ 
ode and a 150-Watt dissipa¬ 
tion spec! Finally, a more 
conservative ad by Heintz 
and Kaufman lets you know 
that their Gammatron trans¬ 
mitting tubes are just that— 
conservative. These rugged¬ 
ized rf power tubes were 
built to endure the hardships 
of the commercial world 
and even to forgive the en¬ 
gineering sins of hams. 

Did We Appreciate Tubes? 

The tube collector may 
resemble collectors of other 
items superficially. It should 
not be supposed, however, 
that they see tubes as obso¬ 
lescent devices stomped 
over by the relentless march 
of progress. Individual 
tubes, they will acknowl¬ 
edge, have been superceded 
by better devices, but no 
true-blue collector in his 
heart of hearts believes that 
vacuum-tube technology is 
passe'. For the time being, 
the semiconductor fad is in 
full sway, but just look at the 
very significant advantages 
of tubes: 

• They are extremely for¬ 
giving to overloads and 
abuse. 

• You can see what's going 
on —a lit filament tells you 
something. A cherry-red 
plate tells you something 
Also, you can learn from 
bluish glows, incandescent 
grids, and internal arcs. 

• Plugging and unplugging 
tubes is a heck of a lot easier 
than fighting a solid-state 
device loose from its PC 
board. 

• Not that it probably mat¬ 
ters, but the "old-fashioned" 
tube is much more resistant 


to damage from an electro¬ 
magnetic pulse than are 
solid-state devices —espe¬ 
cially ICs. 

• A circuit configured 
around tubes is easier to test 
than one with solid-state de¬ 
vices; even with a low-volt¬ 
age ohmmeter, leakages and 
reverse-conduction phe¬ 
nomena can be hard to inter¬ 
pret. Damaged or "sick" 
semiconductors may or may 
not be detected with 
ohmmeter checks. 

• Tubes exhibit fewer 
problems with ambient tem¬ 
perature variations. 

• Tubes have done things 
not yet really duplicated by 
solid-state devices. Consider 
the electron-coupled oscil¬ 
lator, the transitron oscilla¬ 
tor, the tuning-indicator 
tube, the cathode-ray tube, 
or the gated-beam tube 

• Although it cannot be 
measured, weighed, other¬ 
wise quantified, or even 
proven, tubes can be charis¬ 
matic, and often exude mys¬ 
tique and romance! If this 
contention sounds foolish, it 
would smack of greater 
foolishness yet if it were 
made about semiconductor 
devices. Many a ham has 
called a faint DX station 
while hypnotically watching 
the dots and dashes form in 
the eerie blue glow of his 
866s, or in the varying light 
emission from his final-am¬ 
plifier filament. And there is 
something about watching 
your modulated amplifier 
plate change color as you 
whistle into the mike that 
bespeaks of an intimate re¬ 
lationship between man and 
machine. 

No Dog Forgives Better 

Of all of the foregoing at¬ 
tributes of tubes, the first is 
probably the most impor¬ 
tant to the tube enthusiast 
turned tube collector. Con¬ 
sider, for example, the use of 
full-wave rectifier tubes in a 
typical power supply. Tubes 
that quickly come to mind 
are the old type 80 and its 
descendants, the 5Y3 and 
the 5Y4. If a filter capacitor 
shorted out in such a supply. 





the plates of these tubes 
would become red-hot and 
solid hunks of oxide mate¬ 
rial might be torn from the 
surface of the filament. The 
filament might even be bent 
out of shape from the force 
of the inordinately heavy 
current demand. 

All this time the power 
transformer is smoking and 
exuding odors suggestive of 
the last burned steak served 
at your favorite restaurant, 
and by the time you turned 
off the power, that poor 
tube would show unmistak¬ 
able visual evidence of hav¬ 
ing been through the mill 
And it would rattle when 
shaken, like a bad light bulb 
But, surprise of surprises, it 
willingly resumed operation 
once you replace the defec¬ 
tive filter capacitor. 

What does that tell you? 
Nothing, until you compare 
the situation with what hap¬ 
pens to semiconductor 
rectifiers under similar cir¬ 
cumstances. Of course, 
such abuse does not prolong 
tube life and it cannot be 
truthfully said that tubes are 
zap-proof But it may very 
well be that we really didn't 
fully appreciate the true 
worth of tubes when they 
were more commonplace! 

It is popular to allude to 
the numerous transistors 
that can be real-estated on a 
single 1C chip and to tout the 
multi-functional accom¬ 
plishments of ICs, but the 
tube collector recalls all of 
the fancy things done with 
multi-element tubes. And, of 
course, there were multi¬ 
tube tubes, too. These cul¬ 
minated in the compactrons 
used in TV sets. When you 
gazed down at the chassis of 
such a TV receiver, the large 
tube complement common 
to older sets was conspicu¬ 
ous by its absence. What 
you saw was just a few com¬ 
pactrons and a few conven¬ 
tional tubes The compac- 
tron, in other words, was a 
vacuum-tube integrated cir¬ 
cuit in its own right! If you 
are tube collecting, be sure 
to keep an eye open for 
some of these specimens! 


Remember that Silicon 
Can't Do Everything! 

Now and then one sees 
semiconductor circuits 
which are alleged to be 
solid-state versions of some 
unique vacuum-tube circuit. 
Upon closer inspection, the 
claimed analogy becomes 
quite tenuous, however. A 
case in point involves sev¬ 
eral references to "electron- 
coupled oscillators" appear¬ 
ing in the ARRL Radio Ama¬ 
teur's Handbook. If you 
refer to Fig. 10-Bon page 6-6 
of the 1980 edition, you will 
see a JFET Hartley oscillator 
so-labeled and described in 
the text. 

By no stretch of the imag¬ 
ination do you have the de¬ 
sirable situation here that 
was forthcoming from a 
"true" electron-coupled os¬ 
cillator using a screen-grid 
or pentode tube. In the tube 
circuit, output was taken 
from the plate but the oscil¬ 
lation was produced in the 
screen-grid, control-grid, 
cathode portion of the 
tube —the plate merely 
picked up the rf-modulated 
electron beam. This meant 
that the plate circuit was not 
load-sensitive. It was very 
much like taking the rf out¬ 
put from a good class-A 
buffer amplifier. Contrarily, 
the "hot-cathode" Hartley 
oscillator shown would 
require an actual buffer am¬ 
plifier to prevent its fre¬ 
quency from being pulled 
by load variations 

There are other things you 
can't do with semiconduc¬ 
tor devices even though 
they are loosely spoken of as 
the equivalents of certain 
tubes. For example, the VR 
(voltage-regulator) tubes 
could be used in simple re¬ 
laxation-oscillator circuits 
for generating sawtooth 
waveforms in the audio-fre¬ 
quency range. Zener diodes 
simply will not serve this 
purpose, however. The VR 
tubes were filled with var¬ 
ious noble gasses and exhib¬ 
ited hysteresis —that is, 
ionization and de-ionization 
voltages were different In 


the zener diode such a dif¬ 
ference is not encountered. 

Admittedly, this is advan¬ 
tageous for the intended 
function — it precludes the 
possibility of inadvertent re¬ 
laxation-type oscillations. 
Those who have had experi¬ 
ence with VR tubes will re¬ 
call such behavior. (It may 
also be recalled that earlier 
VR tubes were sometimes 
reluctant to start in the 
dark.) Even when not "relax¬ 
ing," VR tubes produced a 
lot of noise that often fou led 
sensitive circuits. Maybe 
they would have suffered ex¬ 
tinction prior to the solid- 
state invasion. 

Notwithstanding the 
shortcomings of VR tubes, 
they have become game for 
tube collectors. Their eerie 
pink or purple glows are 
sometimes demonstrated by 
actuating a push-button 
switch on the collector's 
mounting board But one 
can anticipate a blue-glow¬ 
ing moon when collectors 
pridefully display their array 
of zener diodes! 

Perpetual Motion and 
Inventing a New Tube 

Anyone who has played 
around with tubes to any ex¬ 
tent has a number of preg¬ 
nant inventions gestating in 
his deep subconscious. The 
only trouble is that you will 
invariably find that these 
ideas were most probably al¬ 
ready given serious atten¬ 
tion during past eras. Even 
worse, it is most difficult to 
conjure up any tube innova¬ 
tion without infringing on 
patents, even at this late 
day. For example, don't 
waste your time besieg¬ 
ing the patent office with 
an electromagnetically-con- 
trolled tube. The idea of sub¬ 
stituting the electrostatic 
control element, i.e., replac¬ 
ing the grid, with an external 
solenoid for controlling the 
electrons has long-ago come 
and gone. Indeed, if you are 
lucky, maybe such a tube 
will become part of your col¬ 
lection! 

Likewise, the use of an ex¬ 
ternal plate, that is a collec¬ 


tor electrode mounted on 
the outside of the tube has 
also been tried —and, of 
course, found wanting. If 
you ever had any thoughts 
about room-temperature 
cathodes, your pursuits 
might lead to great rewards. 
However, be aware that a 
fairly good tube of this type 
was actually given serious 
consideration by the armed 
forces, and not too long ago. 
It seems that the inventor 
didn't ask himself how such 
a tube stacked up against 
the more reliable and more 
versatile solid-state devices. 

However, if you are fasci¬ 
nated by tubes and your 
soul is responsive to the in¬ 
ventor's pulse beat, you 
might try to come up with 
the tube version of a PNP 
transistor. Of course, such 
an invention would have 
been far more timely before 
semiconductors upset the 
reign of King Tube. Nonethe¬ 
less, there are still some tube 
applications and it still 
would be nice to have op¬ 
posite-polarized tubes so 
that complementary-sym¬ 
metry circuits could be de¬ 
vised. There would be other 
circuitry reasons which 
would make "PNP" tubes 
welcome. (All tubes ever 
constructed or marketed are 
analogous to NPN transis¬ 
tors becaue the plate is al¬ 
ways positive relative to the 
filament or cathode.) 

What you must do is to 
emit positrons instead of 
electrons and collect these 
with a negatively polarized 
plate. You have some advan¬ 
tages in your favor; the posi¬ 
tron has been proven to 
exist. And it need only en¬ 
dure long enough to make 
the transit from its emitter to 
the plate. Inasmuch as it will 
be moving through a vac¬ 
uum, maybe you can get 
enough lifetime out of it to 
do the job. Finally, you 
won't be belatedly compet¬ 
ing with already-patented 
devices. Good luck! 

Make Hay While 
Silicon is Here! 

With mixed feelings of 
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nostalgic sadness and tech¬ 
nological enthusiasm, hams, 
radio bugs, hobbyists, and 
experimenters have watched 
the encroachment of semi¬ 
conductor devices on the sa- 
cred domain of tubes 
Today, this usurper contin¬ 
ues to relentlessly obsolete 
transmitting tubes of ever 
higher power and frequency. 
What can't be economically 
achieved in any single bipo¬ 
lar or FET output device is 
often readily implemented 
by various power-combining 
techniques. Although we 
have not yet heard of cherry- 
red collectors or incandes¬ 
cent drains, it must be con¬ 
ceded that rf power 
transistors are far from frag- 
ile if operated in intelli¬ 
gently-designed circuitry 
and if reasonable intelli¬ 
gence is manifested in tune- 
up and in operation 

Rather than bemoan the 
all-engulfing aspect of our 
solid-state era, take joy in 
the realization that the sili¬ 





PK1 • FCC CERTIFIED - wired and tested in cabinet $209.95 
PK1S • Subassembly board - wired and tested $164.95 


con revolution has been the 
tube collector's best friend. 
Tubes that once littered the 
landscape like beer bottles 
have become emotional 
gems and are priced accord¬ 
ingly. At this writing, the 
once mundane 99 peanut 
tube exchanges ownership 
for a non-peanut price—in 
the vicinity of twelve bucks. 
Its rival, the WD-12, com¬ 
mands fifty dollars if you are 
so lucky as to uncover one. 
And the asking price of the 
Ol A, once a glut on the mar¬ 
ket, has recently been mov¬ 
ing up, too. If you can still 
acquire any for four dollars, 
consider yourself lucky. 
More likely, you won't get 
back much change from a 
ten-buck bill! Other tubes 
have various worths, all de¬ 
pending on how much some 
other collector wants it. But, 
unlike diamonds, old-tube 
prices have been on a steady 
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Give Your Disks a Physical 

Are you getting what you pay for? Use this simple technique 
to quality-inspect your valuable floppies. 


Kenneth 5, Kraska 
11 Yeager Drive 
Cheektowaga NY 1422.5 


I recently had difficulty 
with my computer's disk 
drive. Fortunately, it only re¬ 
quired cleaning and some 
adjustment, and the work 
was covered by warranty. 
When I picked up my com¬ 
puter, I was asked about the 
floppies I used. It so hap¬ 
pens that the brand I used 
was not sold by the dealer 
who had my disk drive fixed. 
Well, the suggestion was 
made that I was using the 
wrong disks and that the 
ones the dealer had were 
more appropriate. Over the 
next few days I grew more 
curious about which disks 


were truly better, and I de¬ 
cided to find out for myself 
since I have some lab facili¬ 
ties available to me. 

Background 

My first thought was that 
since I knew very little about 
disks, I might want to know 
what standard they must 
comply with, that is, what 
sort of quality they must 
have. The American Na¬ 
tional Standards Institute 
(ANSI) has a standard for 
5V)-inch floppy disks, 
known by the designation 
ANSI X3 82-80 On reviewing 
this standard, it became 
clear that this spec had only 
one quality level. No meth¬ 
od existed for grading disks, 
one against another. Discus¬ 



Plane polarized light at 100 x magnification. A well-pol¬ 
ished disk with good oxide distribution. 

56 73 for Radio Amateurs • October, 1985 


sion with some technical 
people at a couple of large 
software publishers indi¬ 
cated that even within their 
industry there isn't one uni¬ 
versal set of criteria for disk 
testing. 

I decided that examina¬ 
tion of disk surfaces by mi¬ 
croscope might show details 
which would be relevant. 
The type of microscope 
used was an inverted-stage 
metallograph. It has a built- 
in light source, so that the 
light travels through the op¬ 
tical system to the surface 
being examined and is re¬ 
flected back into the micro¬ 
scope to form the optical 
image. Also, because the 
floppy surface is so polished 
that it would produce con¬ 


siderable specular gloss 
(highlights and reflections), 
polarized light was used to 
unmask details Photos of 
the microscope images (pho¬ 
tomicrographs or "micros") 
were taken at various mag¬ 
nifications from 100 x to 
1000 x I examined a num¬ 
ber of brands of unformat¬ 
ted disks right out of the 
package, as well as disks 
with programs on them 
(commercially available) 
such as word-processing or 
statistics programs. In an ef¬ 
fort to get information on 
some of the physical prop¬ 
erties, I measured the sur¬ 
face resistivity of the various 
disks. The ANSI standard 
specifies a maximum for this 
property (5 x 10 9 Ohms/ 



Plane polarized light at 100 x magnification. This disk has 
many scratches and some ripples. Note the less even distri¬ 
bution of oxides. 




square), and I felt that it 
would be an indicator of the 
relative read/write capabili¬ 
ties of a disk After all, 
Ohm's Law should still de¬ 
termine the signal strength 
based on the conductivity 
(although this is a simplifi¬ 
cation and other factors 
should be considered). 

Results 

The resulting survey 
showed significant differ¬ 
ences in both surface-finish 
quality and the (coated) 
oxide distribution. Further, 
the surface resistivity of 
disks varies greatly between 
brands (and even from one 
side to another on some 
disks), It turns out that my 
word-processing disk had 
just about the worst surface 
of any of the disks (maybe 
that's why the drive goes 
"grunge, grunge, grunge" 
when I use that disk!). The 
disks with the best surface 
finish and most uniform dis¬ 
tribution had resistivities 
around 1 x 10 9 Ohms/ 


square. Disks which were 
scratched, rippled, or non- 
uniform either had surface 
resistivities of around 1 x 
10*> or very high resistivities 
of about 4 x 10 9 Ohms/ 
square. 

By the way, the designa¬ 
tion Ohms/square is the unit 
in the ANSI standard. The 
ANSI standard for disks ref¬ 
erences an ASTM (American 
Society for Testing and Ma¬ 
terials) specification for sur¬ 
face-resistivity test method, 
known by the designation 
ASTM D257-78 (re-approved 
1983), "Standard Test Meth¬ 
ods for DC Resistance or 
Conductance of Insulating 
Materials." It seems that sur¬ 
face resistivity can be con¬ 
sidered physically equal to 
the resistance (Ohms) mea¬ 
sured over a gauge length of 
one inch. My word-process¬ 
ing program disk had a sur¬ 
face resistivity of about 
690,000 Ohms/square I 
guess it has to be so conduc¬ 
tive to make up for the ex¬ 
traordinarily uneven surface 


(otherwise the signal from 
the track might be too weak 
to read). Also, the oxide par¬ 
ticles aren't very uniformly 
sized. 

I've included photomicro¬ 
graphs of two disks and I'm 
sure that it's easy to see why 
some disks are noisier (and 
more troublesome) than oth¬ 
ers, The disks which are vis¬ 
ually the best are the ones 
producing the least trouble 
(for myself and some others 
I spoke with). On the other 
hand, the disks looking 
rather like a grating, or a 
washboard, are those which 
have caused some trouble 
(i.e., excessive noise, won't 
format, won't run). 

Inspecting for Quality 

I would suggest that to ex¬ 
amine your own disks it is 
adequate to have a 50 x 
magnifier. These are ob¬ 
tained without much diffi¬ 
culty or expense, and the 
level of magnification is 
minimally suitable to reveal 
the disk surface. Also, mea¬ 


suring surface resistivity is 
done easily. Use a digital 
multimeter (which has a 
range of a couple of meg¬ 
ohms). Rig a parallel resis¬ 
tor (at least one megohm) to 
the contacts going to the 
disk surface. Using the rule 
for parallel resistances will 
provide the resistance, and 
therefore the resistivity, of 
the disk surface Of course, 
a Wheatstone bridge may 
also be used. I was appre¬ 
hensive of measuring sur¬ 
face resistivity of a disk 
which contained a program, 
because I wondered if some 
sectors might be damaged 
(good-bye, program!), but so 
far this has not happened. 
Be mindful of this possibility 
with disks containing pro¬ 
grams. 

If you examine a disk by 
the methods just mentioned, 
and very few if any 
scratches or ripples are 
found, and the resistivity is 
around 2 x 10® to 2 x 10 9 
Ohms/square, then the disk 
should be OK.B 
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len County Fairgrounds, Lima OH, on Sun¬ 
day, October 13,1985. Directions: one mile 
east of 1-75, Exit 125A, on Route 309 and 

$3.50 at the door. Tables are $6.00; half ta¬ 
bles $3.50. For reservations, send an SASE 
and check to NOARC, PO Box 211, Lima 


The Colquitt County Ham Radio Society 
will operate club station WD4KOW from 

cultural Exposition on Tuesday through 
Thursday, October 15-17, 1985, from 9:00 
am to 5:00 pm daily. The Sunbelt Expo is 


visiting hams on 146.19/.79. A special QSL 
card is available. Send an SASE to PO Box 
813, Moultrie GA 31776. 


Beaverton, Oregon 97075 
(503) 292-9399 
VISA-MASTERCARD 


Specializing in Commercial, Industrial, and Military Surplus Electronics . . 
Component Parts, Subassemblies, Computer P.C. Boards, Systems ar 
Equipment of all kinds. New and Used . . , Most with documentation. Hig 
Tech Computers. Interface Parts, and Periferals. IC's by the Chip or Tut 
(new). Components by the foot. From Racks to Resistors, Teletypes to Trar 
sistors or Tubes, ASCII Keyboards to Computer P.C. Boards wit 
Schematics. Send SASE for full listings and prices We take requests ft 
special items. It never hurts to ask! Our inventory covers items from DC t 
















: 27293-0041. 



3d available. Bring your equipment to be 
ctioned. Talk-in on 14652 simplex. Call 
X2RYV at (20314646555 lor further Infor- 
itlon, or contact Bob Dargel KA1BB, 8 
mow Lane, East Lyme CT 06333; (203)-739- 
16 or (2031446-7325 


CHATTANOOGA TN 
OCT 26-27 




iga Amateur Radio and Computer C 
iday. October 26-27, 1985, at the n 


invention and Trade Center, Chatta- 
►oga TN. Admission is tree. Eight-loot 


11. William Hord W4WIJ, Florida 

12. E. R. Nagy WA4CTY, Georgia 

13. Wayne Carvalho KH6TZ, Hawaii 

14. Donald Dunn W7GNU, Idaho 

15. Daniel Noncek WB9FBO, Illinois 
16 James Holicky WB9MAS, Indiana 

17. Patrick McPherson WD9HTJ, Iowa 

18. Robert Duncan N0EJF, Kansas 

19. Charles McGinly WD4DLA, Kentucky 

20. Greg Bain KA5QPI, Louisiana 

21. William Condon KA1AZN, Maine 

22. A. P. Fagan. Maryland 

23. Bill Ross N1AZL, Massachusetts 

24. Dr. Arnold Podolsky KRBS. Michigan 

25. E. R. Van de Loo KA0DBO, Minnesota 

26. Bill Boyer, Mississippi 

27. Ed Bestmann WA0GEU, Missouri 

28. Francis Shepard W7HAH, Montana 

29. Willis Bengston WD0DXA, Nebraska 

30. Gustave Lundquist, Nevada 


32. Clark Magness N2EEY, New Jersey 

33. M. L. Levy, New Mexico 

34. Timothy Constable, New York 

35. Carl Crumley N4VD, North Carolina 

36. Donald Schroeder K0FUP, North Dal 

37. Guy Weaver, Ohio 

38. H. B. Wortham N5BW, Oklahoma 

39. Michael Heltborg WA7NPA, Oregon 

40. Ralph Hartzell KC3KM, Pennsylvanit 

41. John Ambrose K1EW, Rhode Island 

42. Lewis Cooke K41QM, South Carolina 

43. George Smith WD0BJH, South Dako 

44. E. L. Sanderlin W4RCE, Tennessee 

45. E. V. Johnson, Texas 

46. Jon Hunter K7JH, Utah 

47. Charles Watson WA1NBU, Vermont 

48. Charles Johnson KC4UO, Virginia 

49. G. F. Mltchelmore W3EYC, Washing! 

50. Sidney Jackson, West Virginia 

51. Carl Woetfl, Jr. N9AAM, Wisconsin 

52. Eugene Masserini, Wyoming 


Each will get a complete set ol 19B6 Callbooks as soon as they're oil the press (see "QRX"). 

Some Final Notes: 

1. To KA5QPI—Please give my very 73 to old Iriend Mayor Jones. And let me know, please, II he doei 
do everything possible to help hams in Bossier City. 

2. Make no mistake about iL Again, this issue is dedicated to Wayne Green W2NSD—"Never Say D 


in N4DON at (4041820-2065 

LAKE TEXOMA OK 
OCT 26-27 

An introduction to amateur radio for the 
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ALL BAND TRAP 
SLOPER”ANTENNAS! 
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NR5M, K5LZ0, AND 0K1TN: 
WORLD 20-METER SSB CHAMPS 























K4XS, K5LZ0, VP9KA, AND JA3YBF antenna used <%> in the is meter contest 

1985 WORLD 15-METER SSB CHAMPS n o 
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INTERNATIONAL 


Each month, 73 brings you his amateur-radio act 
ham-radio news from around the following callsigns: 
world, in this collection of re- 
ports from our foreign correspon- 2L1BDC 

dents, we present the latest in his latter years n 
news in DX, contests, and events, a staunch member oi 

as well as keep you abreast of [^anage^Peter'co'ntl 
the technical achievements of the Executive of the 
hams in other countries. years, so mote it b 

It you would like to contribute wh0 has fl |ven so mi 
to your country's column, write and the ora,, ' becom 
to your country's correspondent qsl eut 

or to 73 Magazine, Pine Street, At least 50,000 u 
Peterborough NH 03458, USA, ara bain fl hald al » 
Attn: Perry Donham KWIO. Ce "' er ' Thesear ® f °' 


AUSTRALIA 


I EXTRAORDINAIRE 































































































































Propagation 

Jim Gray W1XU 
73 Stall 


EASTERN UNITED STATES TO: 



G = Good, F = Fair, P = Poor. 
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14 “Just Leave Me Here To Die!” 

In June, 1985, two VHF contesters trudged 4200 feet to the 
top of Slide Mountain. Fifty-pound packs, wet weather, and 
pernicious porcupines were simply a part of the fun. 
.KT2B 

22 Toss Out Your Tubes! 

Replace them with high-performance FETs—OA4KO shows 
you how.OA4KO/YV5 

28 Improve Your Audio Report 

Are you tired of lying to your fellow amateur? Try the QRI 
signal reporting system. Let him know what he really sounds 
like. W20ZH 

32 Conjure an Rf Genie 

73s Weekend Special: A 3-22-MHz signal generator/i-f align¬ 
er you can build in under two hours. K1BQT 

36 Operate OSCAR on 10 Meters? 

It's a snap—all you need is this versatile satellite converter! 
. W6IOJ 

44 A Gentleman’s Antenna 

The solution to an age-old problem: How do you fit a 160m 
wire onto a 40m lot?.WA4BLC 

46 Probe the Unknown 

Looking for an easy way to measure rf? Use the “electric 
pen," a no-load active probe with real flair!.Bailey 

50 It’s a Dangerous Obsession 

Growing up and learning about electronics is like driving a 
car before you can reach the brake pedal. KB4YJ tells how 
he lived through it.KB4YJ 

52 Convert and Converse 

Transform your C-64 Basic programs into Hamtext-readable 
sequential files.WB9AOU, WD9ADZ 































































EDITED BY PERRY DONHAM KWIO 


QRX. . . 


50 Already? 

KING HUSSEIN JY1 turns 50 this month, 
and a two-week celebration has been 
planned by the Royal Jordanian Radio Am¬ 
ateur Society. All Jordanian hams will sign 
with special prefix JY50 from November 7 
to November 21, 1985. Prince Raad Bin 
Zeid, Chairman of the Royal Society, said. 
"We decided on a two-week period be¬ 
cause propagation has been so bad. With 
a little luck, JY50 stations should be able 
to work into most call areas in the world 
during the two-week window." The King, 
using the call JY50, will join the 50 active 
Jordanian hams on 160 through 10 meters, 
all modes, and on OSCAR 10. A commem¬ 
orative certificate will be given to Euro¬ 
pean amateurs working 10 JY50 stations; 
non-European hams must contact 5 to 
qualify. Send a copy of your log (no QSLs 
are required) and 10 IRCs or $5.00 to the 
Royal Jordanian Radio Amateur Society. 
JY50 Celebration, PO Box 2353, Amman, 
Jordan. 

Take 3 


HAMS IN SPACE—AGAIN! As first re¬ 
ported in 73 last July, two German and 
one Dutch amateur will fly aboard the shut¬ 
tle Columbia , marking the second ham-in- 
space mission this year. Special call 
DP0SL will be used on board Spacelab dur¬ 
ing the seven-day flight by Dr. Ernst Mes- 
serschmid DG2KM, Dr. Reinhard Furrer 
DD6CF, and Wubbo Ockles PE1LFO. The 
launch is set for October 30, 1985: ham op¬ 
eration is expected to begin on the third 
day and continue until twelve hours before 
touchdown. One important difference that 
sets this wholly-European mission apart 
from American ham-in-space efforts is the 
equipment to be used. Most significant is 
the fact that the antennas will be mounted 
on the outside of the spacecraft (rather 
than "making do” with a window-mounted 
strip). Since the Germans own the flight 
(NASA is merely providing transportation), 
the problem of modifying Spacelab to ac¬ 
commodate ham antennas was solved in 
the planning stages. The transceiver being 
carried aboard also is quite different from 
its American counterpart. Built by the Rob¬ 
ert Bosch Company, the rig operates in a 
mode similar to AMSAT-OSCAR 10 mode 
B, receiving on 437 MHz and transmitting 
on 145 MHz. Six uplink and four downlink 
channels are available to the astronauts. 
The channels are: Ch. 0, 437.125 up. 
145.450 down; Ch. 1. 437.175 up, 145.475 
down; Ch. 2, 437.225 up, 145.550 down; Ch. 
3, 437.275 up, 145.575 down; Ch. 4, 437.325 


up; Ch. 5, 437.375 up. Uplink and downlink 
channels may be selected independently. 
For example, pair 0/3 would be 145.450 
down and 437.275 up. The default pair, cov¬ 
ering the bulk of communications during 
the flight, will be 313, or 145.575 down. 
437.275 up. If the pileups get out of hand, 
expect the crew to change their receive fre¬ 
quency at random. Repeater owners 
whose machines have an output in the 
range 145.45-145.50 MHz should consider 
suspending operation during the flight to 
avoid interference to DP0SL. Two beacon 
types will be used; The first is a standard 
beacon signing DP0SL. The second bea¬ 
con will transmit "CQ DE DP0SL RECORD 
ON TAPE K.” followed by a one-minute pe¬ 
riod during which calls to the shuttle will 
be recorded. The Deutscher Amateur Ra¬ 
dio Club (DARC) will evaluate the tape after 
the mission and confirm calls heard with a 
special OSL. There have been rumors to 
the effect that the three hams will be tak¬ 
ing HF equipment on board, specifically 
10- or 15-meter SSB gear, in order to study 
HF propagation conditions from space. 
Your best source of up-to-date information 
will be the 73 RBBS at (603) 924-9809. 


Hello, Test 


IT’S CONTEST SEASON again. Time to 
gear up for Sweepstakes, the EME compe¬ 
titions, and of course the annual 73 World 
SSB Championships in January. You'll find 
the results of the 1985 40-meter contest in 
this issue, along with dates and times for 
the 1986 tests and a sample log sheet. 
Also, note this important change; There is 
a new central address to obtain rules and 
entry forms from. Send an SASE to Con¬ 
test Rules and Forms. Billy Maddox 
KA6JJK/3, 1162 Bayview Vista Drive, An¬ 
napolis MD 21401. 

Fine With Me 


THE FCC IS busily handing out fines for 
illegal operation. In Philadelphia, fines to¬ 
talling $900 were levied on Joseph Rober¬ 
son for operating a CB radio in excess of 
the legal output limit of 4 Watts. Numer¬ 
ous TVI complaints from neighbors 
caused FCC engineers to look into the 
matter. Interestingly, Roberson has re¬ 
fused to allow his CB station to be in¬ 
spected. Also in Philly, Hany Jackson was 
fined $750 for interfering with local televi¬ 
sion reception for a period of about 6 
months. The FCC says that Jackson's CB 
radio was operating at 47 Watts output. In 
Michigan, two individuals had criminal 


complaints filed against them for alleg¬ 
edly making illegal amateur-radio trans¬ 
missions. Glenn Barrick and Richard 
Szabo. if convicted of violation of Federal 
law. could face a maximum sentence of 
one year in prison and a $10,000 fine for 
deliberately interfering with amateur com¬ 
munications. Clinton Berger of Ridgetop, 
Tennessee, has been issued a fine of 
$1,000. Berger, located by the FCC's HF di¬ 
rection-finding network, is accused of ille¬ 
gal operation near 6930 kHz. This 
frequency is a hangout for the so-called 
"Oscar Group," a net of ne’er-do-wells that 
the FCC is trying to shut down. Commis¬ 
sion enforcement officers are also looking 
at “Oscar Group" activity in Indianapolis 
and San Francisco. 

They CARE 


A NATIONAL VEC GROUP was formed as 
a result of an informal meeting of sixteen 
VECs in Gettysburg, Pennsylvania. The Co¬ 
ordinators were present for an all-day ses¬ 
sion with the FCC which essentially 
completed the transfer of amateur licens¬ 
ing into the hands of the volunteer force. 
As is often the case, a Friday-night "wind- 
down" meeting produced the most con¬ 
crete results—a formal organization of 
Volunteer Examiner Coordinators known 
as CARE (Coalition of Amateur Radio Ex¬ 
aminers). CARE will address the special 
problems of VECs such as universal 
accreditation of Volunteer Examiners, de¬ 
veloping a common exam pool, and closer 
cooperation in examination scheduling. 
Officers picked at the meeting were Joe In¬ 
gram K400V, President, Alex Magocsi 
WB2MGB, First Vice-President, Fred Maia 
W5YI, Vice-President, Jim Georgias 
W9JUG, Executive Vice-President, and 
Gordon Girton W6NLG, Secretary/Trea¬ 
surer. Membership in CARE is open to any 
FCC-accredited VEC, and to any individual 
Volunteer Examiner. You can get complete 
information about CARE by contacting Joe 
Schroeder W9JUV. Box 406, Glenview IL 
60025. 

Trivia 


DID YOU KNOW that the very first man in 
space was a ham? It was April of 1961; 
cosmonaut Yuri Gagarin UA1LO made a 
complete orbit of the planet in a trip that 
lasted a little under two hours. Did Yuri 
think about amateur radio as he circled in 
his tiny Vostok capsule? Perhaps so. It is 
interesting to take note of other "firsts" 
logged by the Soviets in space: the first or¬ 
bital flight exceeding 24 hours in duration. 
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first flight by a crew not wearing pressure 
suits, first woman in space (in 1963—it 
would be another 20 years before the first 
US woman would fly), and the first space 
walk. Oh, yes, and the first amateur-radio 
satellite to be launched through the gar¬ 
bage disposal of an orbiting space sta¬ 
tion! And speaking of satellites, 
congratulations to Tom Clark W3IWI who 
was honored by AMSAT at the 1985 Cen¬ 
tral States VHF Conference in Tulsa. Tom 
spent four tough years as president of AM¬ 
SAT. Those four years saw the cata¬ 
strophic loss of the first Phase-3 satellite 
in the Indian Ocean, and the subsequent 
success of its replacement, AMSAT-OS- 
CAR 10. In recognition of his extraordinary 
contribution to the amateur satellite pro¬ 
gram, Tom was given the title President 
Emeritus of AMSAT. Well-earned, we think. 

Mixed Groups 


“YES AND NO" is the word from the FCC 
regarding Advanced-class amateurs ad¬ 
ministering 13-wpm codetests. Fred Maia 
W5YI had asked the Commission to review 
an earlier Order which dismissed a peti¬ 
tion containing changes to the volunteer 
examination program, including a provi¬ 
sion allowing Advanced ticket holders to 
give the 13-wpm test to General-class as¬ 
pirants. In dismissing the entire petition, 
Maia held, the FCC acted contrary to the 
law. Specifically, Fred claimed that Ad¬ 
vanced hams are in fact legally able to 
give the exam, and that allowing them to 
do so would greatly increase the availabil¬ 
ity of volunteer examinations. The Com¬ 
mission's decision? "Upon further review, 
we agree. The statute states that the stan¬ 
dard to be applied is whether the examiner 
is of a higher class than the class for 
which the examination is being con¬ 
ducted." But, “It appears that the amateur 
community has risen to the challenge... 
to administer examinations to over 4,000 
applicants each month. This is 50% above 
the rate.. under the previous system and 
we feel that these volunteers are only be¬ 
ginning to achieve maximum efficiency. 
Therefore, we will continue to accept the 
voluntary services of only Amateur Extra 
operators for administration of Element 
1(B) for the General Class license at this 
time." Yes, and no. 


Leaky Lines? 


HAMS EXPERIENCING INTERFERENCE 

from leaky cable-television lines can learn 
a lesson from the Chautauqua County¬ 
wide Repeater Association (NY). Com¬ 
plaints to the New York State Commission 
on Cable Television resulted in two cable 
operators voluntarily cleaning up their sys¬ 
tems. A third company, however, was 
forced by the Commission to take appro¬ 
priate actions to resolve the problem. 
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Leakage from this company’s lines was so 
severe that the only solution, short of dis¬ 
continuing service, was to begin a mas¬ 
sive rebuild of the entire distribution 
system! Part of the evidence submitted by 
the CCRA was a map pinpointing leaks 
along the line, complete with measure¬ 
ments. A total of 113 rf leaks were identi¬ 
fied in a small portion of the cable system, 
ranging from 24 to 4,575 microvolts per 
meter (the allowable limit set by the FCC 
is 20 microvolts per meter). The cable op¬ 
erator denied any leaks and stated, '... we 
have no signal leakage that would exceed 
FCC regulations." The CCRA is offering in¬ 
terested hams copies of their complaint 
letters and information on how they made 
leakage measurements—send $1.00 to 
cover postage to the Chautauqua County¬ 
wide Repeater Association, PO Box 186, 
Westfield NY 14787-0186. 

Good Buddies 


CB-TO-TEN conversions seem to be the 
"in" thing these days! Lately our mail 
room has been flooded with letters re¬ 
questing information on how to convert 
CBs to IO meter service, and the office 
telephone has become a “conversion hot¬ 
line." It seems that a number of surplus 
dealers are unloading Hy-Gain CB boards 
at bargain prices and mentioning that 73 
would be happy to provide all of the con¬ 
version details. And the hams who already 
have old CBs are dusting them off. So 
here's the deal: We’ve put together a list of 
all of the CB-to-10 articles that have ap¬ 
peared in 73 (there are about thirty). Send 
us an SASE and we’ll send you the list. 
Pick the article you’d like to see and send 
another SASE, and we’ll send you a copy 
of the article. Now, we usually get a fistful 
of dollars for reprints, but if you won't tell, 
we won’t tell! Send your SASE to 73 Mag¬ 
azine, Editorial Offices, 80 Pine Street, Pe¬ 
terborough NH 03458, Attn: CB-to-10. 

Packet Panic! 


PACKET RADIO is experiencing a tremen¬ 
dous growth surge here in the States and 
abroad. On the West Coast, Ron Raikes 
WA8DED has developed a program which 
replaces the software in a TAPR-ITNC. The 
new code is smaller and is designed to al¬ 
low simultaneous connections to four sta¬ 
tions. It also provides routing information 
on incoming packets, eliminating the need 
to use the pesky TRACE mode when decid¬ 
ing on a connect path. On the East Coast, 
high-speed UHF linking between Packet 
Bulletin Board Stations (PBBSs) is moving 
ahead at a rapid pace. Overseas hams are 
embracing packet radio, and PBBSs 
designed by Hank Oredson W0RLI are 
springing up on HF, providing local 2-meter 
groups access to the international packet 
community. The price of packet has 
dropped dramatically in the past few 


months with the introduction of the Kan- 
tronics Packet Communicator and the AEA 
PK-64 (both retail for around $200), and 
every day sees another group of first-time 
packeteers on the local circuits. Auto¬ 
matic mail forwarding has become com¬ 
monplace—a message filed in New 
England can arrive at its destination in Cal¬ 
ifornia in under an hour. How long will it be 
before the National Traffic System is re¬ 
placed? Of course, packet radio is just one 
of the varied modes of communication we 
amateurs enjoy, and it will never oust CW 
or SSB, but it is the most exciting thing to 
happen to ham radio since the audion! 

Beacon Begins 


A NEW TEN-METER BEACON is on the air 
from Thomasville, Georgia. John Mahagan 
WB4JHS is conducting a propagation 
study in which the height of the transmit¬ 
ting antenna is varied. The beacon runs 7 
Watts on 28.253 MHz. Send reception re¬ 
ports to John Mahagan WB4JHS, 220 Cov¬ 
ington Avenue Apt. 73, Thomasville GA 
31792. 

SARSAT Search 


HAMS IN WESTCHESTER COUNTY NY 

were scrambled into action when Sal La- 
gonia N2EQM, Director of Emergency Ser¬ 
vices for the Westchester Civil Air Patrol, 
received word that an ELT (Emergency Lo- 
cater Transmitter) had been activated in 
his area. An ELT is a device that is turned 
on automatically when an aircraft 
crashes—the signal from it is picked up by 
SARSAT (Search And Rescue SATellite) 
and relayed to Scott Air Force Base in Illi¬ 
nois. Officials at Scott then notify the ap¬ 
propriate CAP unit. Lagonia immediately 
dispatched a CAP airplane equipped with 
direction-finding (DF) gear which nar¬ 
rowed the search to the area around one 
town. Then, two cars armed with DF re¬ 
ceivers and hams were sent out—the first 
manned by Dwight Smith N2FMC, and the 
second carrying Bob and Sarah Wilson, 
N2DVQ and N2EYX. The two mobiles kept 
in touch with each other and with CAP 
headquarters on two meters. In just a few 
hours, the ELT was located inside a build¬ 
ing. It had been aboard a helicopter which 
had made a rough landing—the pilot 
thought that removing the unit would 
deactivate it. It didn’t. 

Gracias! 


THIS MONTH’S COLUMN had help from 
The W5YI Report, The ARRL Letter, Gate¬ 
way, Westlink, and AMSAT. Do you have 
news that should appear In “QRX”? Send 
it (with photos!) to 73 Magazine, Editorial 
Offices, 80 Pine Street, Peterborough NH 
03458, Attn: QRX. 

















Peter H. Putman KT2B 
84 Burnham Road 
Morris Plains N107950 


"Just Leave Me Here To Die!" 

In June, 1985two VHF contesters trudged4200 feet to the top 
of Slide Mountain. Fifty-pound packs, wet weather ; and 
pernicious porcupines were simply a part of the fun. 


O ne of the great things 
about amateur radio is 
the scope of the hobby: Vast 
opportunities are open to 
the adventurous. There's vir¬ 
tually no limit to the ways 
one can come up with to fur¬ 
ther enjoy what's got to be 
one of the most expansive 
and exciting hobbies in the 
world. The possibilities are 
endless: DXing, operating 
from a boat, plane, car, raft, 
tent, or even the Space Shut¬ 
tle, exploring the very high 
and very low frequencies, 
home-brewing elaborate 
equipment, and finding new 
ways to generate power 
from portable sources are 
just a few of the many exotic 
ways we can get more out of 
amateur radio. 

It was with these thoughts 
in mind that I began contem¬ 
plating a somewhat exotic 
DXpedition in April, 1985. 
Being an avid VHF/UHF op¬ 
erator and contester, I tried 
to think of an operation that 
might make the upcoming 
ARRL June VHF QSO Party 
somewhat more "memora¬ 
ble." Since the format of this 


popular contest had re¬ 
cently gone to using grid- 
square multipliers (based on 
the worldwide Maidenhead 
locator system), it seemed 
logical that an attempt to 
put a rare grid square on 
the air during the contest 
would be just that type of 
operation. 

After several conversa¬ 
tions with area operators 
and consulting past contest 
results, it became apparent 
that there were many grid 
squares that hadn't been 
heard from on one or more 
bands in the past few years. 
One in particular that stood 
out was grid square FN22, an 
area in New York State de¬ 
scribed by the coordinates 
between the 42° and 43° 
latitude lines and the 74° 
and 76° longitude lines (a 
grid square, as defined in the 
Maidenhead system, is 2° 
wide by 1 ° high). This area is 
bounded roughly by the 
Hudson River to the east, 
the New York State Thruway 
to the north, 1-81 to the west, 
and the New York/Pennsyl¬ 
vania border and Catskill 


Mountains to the south. 

This particular grid 
square manages to miss al¬ 
together such densely popu¬ 
lated areas as Syracuse, 
Binghamton, Albany, Sche¬ 
nectady, and Utica, so VHF 
and UHF activity from FN22 
is usually sparse. This lent 
further weight to my deci¬ 
sion since you don't want to 
be competing against a 
stronger, better equipped 
station in your grid if you ex¬ 
pect to get a lot of calls on a 
DXpedition! The only ques¬ 
tions left to resolve were 
what bands to operate on, 
where to operate them from, 
and what equipment to use 
during the operation. 

After studying the contest 
results of the past year, it be¬ 
came apparent that two 
bands could be considered 
"scarce" from FN22: 432 
MHz and 1296 MHz. In fact, 
12% operation from FN22 is 
downright rare, since I know 
of only one other 1296-MHz 
station there (set up by Joe 
Reisert W1JR several years 
ago). The past few VHF and 
UHF contests have heard no 


activity from FN22 on this 
band. 432 MHz has been on 
from FN22, but usually only 
during the contest periods. 
John Lindholm W1XX has 
put a station on this band 
during the contests, but 
many contesters have man¬ 
aged to miss his signal. 

Now that the frequencies 
were decided, the choice of 
location became para¬ 
mount. Since FN22 encom¬ 
passes so many square miles 
(7107 square miles, to be 
precise), I certainly had 
many choices. The most im¬ 
portant factor was being 
near the activity. Experi¬ 
enced VHF/UHF contesters 
on the East Coast know that 
this means being near the 
population belt that 
stretches from Washington 
DC all the way up the East 
Coast to Boston. Tradition¬ 
ally, the top-scoring stations 
in the various VHF and UHF 
contests have come from 
between the Philadelphia 
area and Connecticut/Mas¬ 
sachusetts. I needed to find 
a suitable spot to be able to 
work into this belt. It had to 
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be high. It had to be accessi¬ 
ble by car. And it had to be a 
short distance from my 
home location in northern 
New Jersey. 

One particular location 
was intriguing and kept 
coming to my attention. In 
the lower Catskill Moun¬ 
tains stands one of the 
higher mountains in the 
Northeast, Slide Mountain, 
which tops out at 4210 feet 
above sea level. Nestled in a 
cluster of somewhat smaller 
peaks(around 3700-3800 
feet), it's very difficult to 
spot from the ground unless 
you happen to be by the 
Ashokan Reservoir on a 
clear day. Slide Mountain is 
located on the very southern 
border of FN22 —in fact, the 
42° latitude line runs across 
the south face of the moun¬ 
tain, just below the peak. 
(How's that for close!) What 
appealed to me most of all 
was that a station set up on 
Slide Mountain would have 
a virtually unobstructed 
shot to the east, south, and 
west, with only a slight 
shadow to the north/north¬ 
east from the northern Cat- 
skills. 

The decision was made. 
Slide Mountain would be 
the DXpedition site. Having 
been up the mountain ear¬ 
lier in October of 1984, I felt 
confident that a small, light¬ 
weight backpack station 
could be assembled and 
brought up by one person. 
(Would those words come 
back to haunt me later!) The 
mountain itself is not acces¬ 
sible by car, but you can 
drive to the base and nego¬ 
tiate several trails to the top. 
My previous hike up had uti¬ 
lized the western trail, which 
begins at 2500 feet above 
sea level and rises 1700 feet 
in 2.7 miles of old carriage 
trail. Not a bad climb with a 
light bag—just about 1 hour 
to the top. And what a view! 
There used to be an obser¬ 
vation tower on the moun¬ 
tain years ago. The best view 
is had by proceeding to the 
east face at the summit. 
From here you can drive re¬ 


peater owners up and down 
the East Coast crazy with a 
handie-talkie and a few 
Watts. 

About five years ago, the 
decision was made by the 
Catskill Parks Authority and 
the New York State Depart¬ 
ment of Conservation to re¬ 
strict camping and over¬ 
night stays in the Catskills 
above the 3500-foot level. 
This was intended to curb se¬ 
rious erosion of the tops of 
many of the popular peaks. I 
thought long and hard about 
this rule, since it would put a 
serious crimp in any over¬ 
night operation. Perhaps, I 
thought, I could arrange a 
way to stay up, keep warm, 
and operate without ac¬ 
tually setting up a perma¬ 
nent tent site. Of course, 
campfires were out of the 
question, so food would 
have to consist of trail mix 
and sandwiches. Hot liquids 
could be brought up in a 
thermos if needed. 

Shortly thereafter, I an¬ 
nounced my plan to Steve 
Katz WB2WIK, who I must 
say is never short on enthu¬ 
siasm. He proposed that he 
come along to lighten the 
load and to allow a more so¬ 
phisticated station setup. I 
quickly agreed, eager for the 
help and companionship. 
While we were at Dayton in 
April, we told as many VHF 
and UHF operators as we 
could about the impending 
trip Subsequent announce¬ 
ments were made on as 
many of the East Coast VHF 
and UHF nets as we could 
check into, and personal 
correspondence to area 
hams played up the opera¬ 
tion. After all, we wanted to 
make sure someone was ac¬ 
tually looking for us when 
we got on the air! 

I must admit we met with 
a little skepticism. The pre¬ 
vailing comment was, "If 
Slide Mountain is such a 
great location, why hasn't 
anyone operated from there 
in a contest?" Well, that was 
only partially true, as sev¬ 
eral stations had indeed 
been active back in the 60s 


before the camping restric¬ 
tions were put into effect. 
But I insisted that we would 
persevere and those who 
looked for us on 12% MHz 
would indeed work a rare 
grid square. 

Work proceeded on the 
station equipment. Steve lo¬ 
cated and bought two mo¬ 
torcycle batteries, both 
rated at 12.5 volts and 14 Ah. 
To test these batteries, he 
first charged them up and 
used them to run the exciter 
on his 2-meter repeater for 
several days. After a moder¬ 
ate duty cycle, the voltage 
was found to have dropped 
to 11.5 volts, which was en¬ 
tirely acceptable. The bat¬ 
teries weighed in at 8 and 10 
pounds. 

While at Dayton, I visited 
the VHF Shop booth and 
after talking with Tom Wald- 
rin KQ3R who runs the store, 

I decided to invest a couple 
of hundred dollars into an 
SSB Electronics 1296 10- 
Watt amplifier. The drive re¬ 
quirements were .5-7 Watts 
at 12% MHz, which I could 
supply with no difficulty 
from a Microwave Modules 
MMT1296/144 transverter. 
Ivars Lauzums KC2PX made 
available to us a Microwave 
Modules MMT432/144 
transverter with 10 Watts of 
output. It was lightweight 
and reliable (we thought). 
Antennas consisted of a 21- 
element 432-MHz F9FT yagi 
from the VHF Shop and a 23- 
element 1296-MHz F9FT 
yagi I had picked up used. 
But what to use for masting? 

Jerry Meckenberg K2JWE 
came to the rescue with sev¬ 
eral pieces of lightweight 
army masting he had in his 
garage. Steve selected four 
pieces of this mast material 
which weighed about 4 
pounds per section, and we 
drilled the joining sections 
to allow pinning them to¬ 
gether for added security. A 
South River 3-foot tripod an¬ 
tenna base was selected to 
hold the masting in place. 
Coax sections of 30' each 
were made up as feedlines, 
using Belden 8214 on 432 



Photo A. Pete Putman KT2B 
loaded up with 70 pounds of 
equipment. The K2XR/2 ex¬ 
pedition up Slide Mountain 
begins. 

MHz and Belden 9913 on 
12% MHz. Finally. I discon¬ 
nected the final-amplifier 
module on my Kenwood TR- 
9000 so as to save unneces¬ 
sary drain on the batteries. 
The output from the driver 
stage (approximately 50 
mW) was sufficient to power 
both transverters to full 
rated output without using 
the suppl ied 15-d B pads. 

A short vacation trip up to 
Mt. Equinox in southern Ver¬ 
mont over Memorial Day 
would provide us with a test 
of the stations. Mt. Equinox 
is a popular contest site and 
lies just west of Manchester, 
Vermont. Topping out at 
3850 feet, it offers truly 
spectacular views in all di¬ 
rections. We had set up sev¬ 
eral schedules with the folks 
back in New Jersey on both 
bands, hoping to make con¬ 
tacts that Sunday morning 
before we headed back to 
New Jersey. 

Sunday morning came 
and with it dense rain 
clouds! Steve got me up at 
7:30 am and we headed out 
to the parking lot. The air 
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was chilly and wet, but as¬ 
sembly of the masting, an¬ 
tennas, and two stations 
went quickly All was going 
well until we keyed up the 
432-MHz Microwave Mod¬ 
ule and discovered it was 
only developing 1 Watt of 
output This was a strange 
turn, as the unit had until 
now been performing flaw¬ 
lessly, Everything else 
checked out OK —swr, ca¬ 
bles, dc power—and we de¬ 
cided what the heck, we'd 
get on and see what could 
be worked. Contacts were 
made in short order with 
KC2PX, K2JWE, Ralph 
N2BMN, and others with our 
pip-squeak power on 432 
MHz. We then tried to raise 
KC2PX on 1296 to no avail, 
even though all was well on 
that band. Perhaps the dense 
clouds were absorbing our 
signal. Herb K2LNS tried 
vainly to hear our 10-Watt 
signal and called a long CQ 
with his 100 Watts, which we 
did copy with some diffi¬ 
culty. This proved out our 
theory of the clouds and 
storm system playing havoc 
with the12% signal! 

After arriving back in New 
Jersey, the first order of busi¬ 
ness was to repair the 432- 
MHz Microwave Module. 
Unfortunately, Murphy was 
with us and the unit now re 
fused to put out any power 
at all! Not only that, a short 
then developed on the i-f 
board, rendering the unit 
useless. Not having ade¬ 
quate documentation on 
this unit, I shipped it off to 
Hans Peters VE3CRU for re 
pairs and considered our di¬ 
lemma What could we use 
on 432 that was lightweight 
and reliable? 

A cal I to Tom KQ3R at the 
VHF Shop followed. He told 
me about a 100-mW trans- 
verter he had in stock along 
with a companion 432-MHz 
10-Watt amplifier from SSB 
Electronics. The price 
sounded reasonable and I 
traveled out to Mountain- 
top, Pennsylvania, to meet 
Tom in person and pick up 
the two units. The trans- 
verter was preassembled 
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Photo B. KT2B trying to stay warm in 50° temperatures 
while on 432 MHz. Note the modified British Airways head¬ 
set on the wool cap—lightweight and reliable. 


(which was a real time-saver) 
but the amplifier was a kit. 
Tom assured me it was a 
quick 2-hour kit and, not one 
to be afraid of a soldering 
iron, I took it home and set 
to work. 

The amplifier did indeed 
go together quickly, but I 
was unable to obtain more 
than 4 Watts of output from 
it with full drive. Substitut¬ 
ing several transistors re¬ 
sulted in more output, but 
only about 6-7 Watts maxi¬ 
mum. The amplifier devel¬ 
oped an instability con¬ 
dition and blew two rf 
chokes as well as the driver. 
I was convinced that Mur¬ 
phy was indeed wielding his 
influence over our DXpedi- 
tion. Finally, a decision had 
to be made and Steve made 
it—he modified his KLM 
Echo 70 432-MHz trans¬ 
ceiver to have age and 
to accept a Janel 432-MHz 
GaAsFET preamplifier. It 
was heavy, but it was all we 
had left to fall back on — 
and there were only three 
days until our trip started! 
As bad as I felt about taking 
all that extra weight, I had 
no choice left. 

Friday night found the 
two of us boxing up sup¬ 
plies, radios, cables, food, 
and drink. I finished the 
weigh-in and came up with 
some distressing news: The 
total weight would be just 
over 50 pounds per person! 
member, 1985 


That's not a light load, espe- 
cially when you haven't 
gone mountaineering or 
backpacking in about ten 
years. The problem was that 
nothing could be eliminated 
to reduce the weight load, as 
we had pretty much cut 
everything down to the es¬ 
sentials (or so we thought). 
Two multimode radios, one 
transverter, one power amp, 
four mast sections, two an¬ 
tennas, a wattmeter, two 
batteries, keyers, paddles, 
phones, two sleeping bags, a 
tent, two canteens, ponchos, 
coax, tools, clip leads(essen- 
tial items), food, clothes, 
and flashlights comprised 
our equipment list. Not only 
that, we managed to stuff 
just about all of it into two 
Kelty backpacks. 

Saturday, June 8, 1985, 
dawned cool and rainy. Oh, 
no—not another repeat of 
Mt. Equinox! I called Steve 
and said that, unless it was 
hailing or severe thunder¬ 
storms were raking Slide 
Mountain, we ought to try it. 
He agreed, and an hour later 
we were on our way to the 
mountain. 

A quick stop for a late 
breakfast at Homer's in Port 
Jervis allowed us to load up 
our stomachs and save 
space for the dinner mate¬ 
rials in our backpacks. 90 
minutes later we arrived at 
the base of the mountain, 
having driven through alter¬ 


nate rainy and sunny 
weather. It looked like the 
storm system might break 
after all! We pulled into a 
sheltered parking area at the 
base of the trail and began 
loading each other up. Let 
me tell you, 50 pounds may 
not sound like much, but 
when it's on your back it 
feels like 150 pounds! In 
fact, we both became 
quickly aware that we had 
brought more than 100 
pounds of stuff with us. The 
ranger on duty helped us 
load up and estimated my 
pack to be close to 70 
pounds! Steve's pack 
weighed in at 50 or more, so 
our work was definitely cut 
out for us this morning. 

Whatever we couldn't put 
into the packs we strapped 
to our backs using elastic 
stretch cords—God's gift to 
backpackers. I wound up 
with the TR-9000, Echo 70, 
1296 amp, one battery, 
flashlight, canteen, tools, 
food, clothes, sleeping bag, 
tent, and the two antennas 
(broken down and wrapped 
in our ground cloth). Steve 
carried the 1296 transverter, 
the other battery, both key¬ 
ers, paddles, coax, water, 
thermos, food, tripod, the 
other sleeping bag, and 
flashlight. In addition, we 
both carried two sections of 
mast material. Photo A 
shows me loaded up. 

We started out minus one 
canteen and the wattmeter, 
since room and weight pre¬ 
cluded either. Our reasoning 
was that if the stations didn't 
work right now, there wasn't 
anything we could do about 
it at the top. Also, there is a 
spring near the top on the 
east trail, although it's quite 
a climb if your relatives 
aren't mountain goats. The 
trail immediately got rough, 
with a steep climb up an old 
stream bed and some rocks 
in order to join the aban¬ 
doned wagon trail. At this 
juncture, 2 miles from our 
objective, we knew we were 
in trouble. Both Steve and I 
were very overloaded. We 
stripped down to T-shirts 
and shorts to cool off and 



Photo C. The antennas. The mast was rotated using the time- 
honored "Armstrong" method. 


had to make frequent "back 
breaks" to reduce the strain 
on our shoulders Carrying 
two masts apiece added to 
our discomfort, since we 
couldn't use our hands to 
pull up the back frame and 
readjust its weight on our 
backs. 

To further complicate 
matters, it began to rain 
again. At the lowerelevation 
this wasn't a big problem be¬ 
cause the dense tree cover 
kept us dry. As we started 
edging closer to the 3000- 
foot mark, it became quite 
wet and we were forced to 
put ponchos on. The going 
was very slow, and the packs 
felt like boulders! Steve in 
particular was getting very 
tired, and not being inclined 
to be tried for "hamicide," I 
suggested frequent rest 
breaks with the packs off. 
These worked well, except 
we didn't want to put the 
packs back on afterwards! 
Needless to say, we were 
constantly gulping down the 
contents of our lone can¬ 
teen, secure in the knowl¬ 
edge that somewhere up 
there was a running spring. 
The trail mix came in handy 
for energy, but there was no 
substitute for the rest pe¬ 
riods. Steve came up with a 
novel method of leaning 
over to put the weight of the 
pack square on his back and 
relieve his shoulders. I took 
to leaning on the two mast 
sections and propping up 
my frame. But no amount of 
this rest would get us to the 
top, so on we trundled. 

It was a great lift to our 
spirits when we finally 
reached the 3500-foot level. 
After all, we had been on the 
trail for nearly three hours 
and we were beginning to 
wonder if we'd actually 
make it to the top What 
didn't make us feel so good 
was the number of hikers 
that had passed us on the 
way up and were now com¬ 
ing back down after reach¬ 
ing the top. This was a slow 
journey. Shortly thereafter, 
we attained the shoulder of 
Slide Mountain, where we 
hiked into coniferous trees 


and out of the rain. What a 
spectacular view of the 
Catskills! We took another 
rest break for 20 minutes 
and assessed the balance of 
our trip—about .65 miles. It 
didn't seem too difficult, 
since we were now hiking 
along a very level trail with 
an occasional slope up¬ 
wards. 

The final leg took nearly 
35 minutes to go the .65 
miles, as we were both just 
running out of energy, and it 
was a welcome relief to see 
the concrete footings from 
the old observation tower 
at the summit. We had 
dropped the masts about .2 
miles back to allow us to use 
our hands while scrambling 
up the last few rocks on the 
trail. I quickly dumped my 
backpack (my shoulders felt 
just then like they were full 
of helium gas) and ran back 
down the trail to get the 
masts. Steve collapsed in 
the clearing I had picked out 
and took a quick nap. After 
a scramble to the spring to 
replenish our water supply, 
we set to work putting sta¬ 
tion K2XR/2 on the air. 

The mast setup and sta¬ 
tion connections worked 
flawlessly. At about 7:45 pm 
Steve began testing each 
station to make sure all was 
working, while I wolfed 
down some sandwiches and 
trail mix. Another complica¬ 
tion arose in that while the 
weather had cleared up, it 
was becoming very cool — in 
fact, downright cold. Off 
came the shorts and on went 
long jeans, a sweatshirt, and 
a wool hat (At this time I 
thought I might be suffering 
from a mild hypothermic 
condition —since I felt se¬ 
verely chilled and had not 
eaten much—so the hat and 
a pair of gloves came in 
handy.) Steve felt fine and at 
8:00 pm K2XR/2 burst onto 
the airwaves on 432.110 
MHz I finished my hot 
chocolate and soup and set 
about getting on 12% MHz. 

Was this a good site? You 
betcha! Steve worked 17 sta¬ 
tions and 8 grids in the first 
hour, while I managed to 


contact 5 stations in 5 grids 
in the same period. By the 
way, the latter figure is a 
very good Q rate for a band 
that most people only oper¬ 
ate on asked basis! It was es¬ 
pecially fun to call CQ on 
12%(unheard of most of the 
time) and work stations off 
the side of the 23-element 
beam. W1RIL in Worcester, 
Massachusetts, was worked 
in exactly this fashion, as 
were K3MTK in Pennsylva¬ 
nia and W2SZ/1 in Massa¬ 
chusetts. The air tempera¬ 
ture continued dropping, so 
Steve and I unrolled the 
sleeping bags to operate 
from. 

Photo B shows me oper¬ 
ating in my "warm" outfit 
(yes, I could hear the head¬ 
phones through that wool 
cap) and Photo C shows the 
mast which was rotated by 
hand. What the heck, it was 


faster than a Ham-M! On 
and on we went, swinging 
the beam in all directions. 
What amazing signals! Jerry 
K2JWE, who had lent us the 
mast, was our first contact 
and he didn't take too kindly 
to our suggestion of leaving 
it up there when we came 
back down! As the evening 
wore on, the temperature 
dropped to about 45°, but 
the skies were crystal clear. 
An amateur astronomer 
would have a ball on Slide 
Mountain with a good tele¬ 
scope. The ranger set up his 
tent and spent the next hour 
watching and listening to us 
working stations, exchang¬ 
ing grids, calling out beam 
headings, setting up skeds, 
and operating CW, the latter 
which he found fascinating. 

The QSOs kept coming, 
although somewhat slower 
now as the bands died down. 
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Photo D. WB2WIK on Sunday morning on 432 MHz. The 
ledge in the rock conveniently holds a paddle and the log. 
The 7296 station is on the right. 


We didn't know that 6 me¬ 
ters had been open all day to 
the Midwest and South, 
which kept a lot of stations 
off the UHF bands. This 
probably also explains why 
we didn't hear any stations 
from Buffalo and Rochester 
and worked just one from 
Ottawa. Where was To¬ 
ronto? 

About midnight we de¬ 
cided to pack it in since the 
bands had pretty much been 
milked dry. Many stations 
were excited to work us on 
432 and others were ecstatic 
to have finally bagged FN22 
on 1296. My last few con¬ 
tacts, including K1 PXE, 
N2BJ, and WA2FGK, were 
made from inside the sleep¬ 
ing bag with paddle and 
mike. At this point, we had 
worked 46 stations and 11 
grid squares on 432 MHz, 
and 15 stations and 7 grid 
squares on 12%. Impressive 
totals for 4 hours of work 
with 10 Watts. We decided 
to hit the sack and get up 
early to make a few more 
contacts But the porcu¬ 
pines had other ideas 

I spent the better part of 
the night chasing porcu¬ 
pines away from our site, for 
these ornery little devils like 
to chew on anything, and I 
mean anything they can get 
their teeth into At various 
times throughout the night, 
they tried to chew on the 
9913 cable, my gloves, the 
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transverter. a flashlight, 
Steve's bag, the batteries, 
and our canteen. The best 
method to repulse them was 
a large stone thrown at their 
backsides. But as soon as I 
fell asleep, they returned 
and lit into something else. 
About 4:30 am I found out 
that "something else" was 
the nylon webbing on 
Steve's backpack, which 
had been nearly chewed 
through! A few large boul¬ 
ders chased them off again 
(there were at least seven or 
eight around us at all times) 
and by then the sun was 
starting to come up, so I 
gave up thoughts of getting 
any sleep. The ranger came 
by about 4:45 and we talked 
for a short while about the 
various methods used to 
chase off the porcupines, in¬ 
cluding the heavy-rock 
method, which he heartily 
endorsed. He claimed he 
had seen one eat through a 
tin can and swallow it, which 
I didn't doubt for a minute 
considering what damage 
had been done to the back¬ 
packs. 

Steve had completely 
zipped up his bag in a 
mummy position and rolled 
off the rock into the trees, 
but the conversation and 
sunlight soon woke him up 
and we watched a truly 
beautiful sunrise. Breakfast 
was in order, and out came 
the thermos of hot choco- 
'ember, 1985 


late and soup. Today's spe¬ 
cial was peanut butter and 
jelly sandwiches with (you 
guessed it) trail mix. The 
bags were rolled up and by 
6:20 am we were back on the 
air. Photo D shows Steve 
hard at work making con¬ 
tacts on 432, and he looks 
like he just sat on one of the 
visitors from the night be¬ 
fore. 

The contacts came slowly 
but picked up after about a 
half hour. We were able to 
work another 14 stations 
and 2 new grids in 2 hours on 
432, while 1296 yielded 4 
new stations but no new 
grids. We finally worked a 
VE (VE3FN) on 432 and got 
into FM19 in Maryland and 
Virginia. But the low clouds 
from the day before per¬ 
sisted, leading us once again 
to think that moisture ab¬ 
sorption was working 
against us. 

Finally, at about 8:30 lo¬ 
cal time, we decided to start 
packing up and head down 
the mountain. Our decision 
was aided by an invasion of 
the largest swarm of black 
flies I've seen on a moun¬ 
tain. Out came the Cutters! 
The flies clustered on our 
damp clothes which were 
hanging on a guy rope, and 
hitting the clothes with a 
rock caused a black cloud to 
rise into the air. The ranger 
stopped by to say good-bye 
and headed down the moun¬ 
tain. It actually took us from 
8:30 till 10:00 am to get 
ready to head out. Perhaps 
this was because we didn't 
relish the thought of having 
to carry all that weight 
again. Using up some of the 
food helped, as did empty¬ 
ing the thermos, but the bu I k 
of the weight was still 
there—in the batteries, the 
multimode radios, the flash¬ 
lights, and those blasted 
mast sections. It didn't look 
like an easy descent. 

We were pleasantly sur¬ 
prised to see how easy it was 
going down. After all, grav¬ 
ity and Mother Nature were 
on our side this time and 
Murphy was nowhere to be 
found! We were able to 


cover the 2.7 miles down in 
just over 2 hours, half the 
time it took us to get up to 
the top. We arrived at the 
car at 12:15 pm and I was 
surprised when I opened it 
to find another canteen full 
of cold water. Shower time! 
Steve had fallen back a bit 
but appeared from the 
woods about 10 minutes 
later, got to the car, and top¬ 
pled majestically onto the 
tailgate (pack and all) with 
the words "Never again!'’ 
After a short repacking pe¬ 
riod to secure the batteries 
so they wouldn't spill, we 
headed back to civilization 
and a lunch of hamburgers, 
hot dogs, onion rings, and 
beer. 

In retrospect. I'd have to 
call the DXpedition a suc¬ 
cess, since we did achieve 
our objective, which was to 
operate from the top. We 
were both disappointed that 
there wasn't more activity 
that we could hear on the 
UHF bands (and I'm sure the 
6-meter propagation caused 
a lot of that), but it was im¬ 
pressive to call CQs on 1296 
and work stations with beam 
headings 90° away. Try that 
from your home sometime 
on the UHF and microwave 
bands! Our injuries were mi¬ 
nor: Steve's shoulders and 
neck required some TLC and 
I suffered a mild burn from 
the back strap on my shoul¬ 
der blade, which some lo¬ 
tion took care of. All the 
equipment made it back in 
one piece, although the 
12% antenna broke two ele¬ 
ments on the climb down 
and the 432 antenna bent a 

Would we do it again? 
Maybe, although with more 
help since it is a real climb 
when you're loaded down. 
But it's kind of a nice feeling 
to realize that you've set a 
goal for yourself, something 
that no one else has done, 
and carried it off That's 
what makes ham radio excit¬ 
ing for me. As for Steve? He 
summed it up at the 3500- 
foot level on our way up Sat¬ 
urday: "Just leave me here 
to die '■ 


Luis L Suarez OA4KO/YV5 
Apartado 66994 
Caracas 1061-A 
Venezuela 


Toss Out Your Tubes! 

Replace them with high-performance FETs — 
OA4KO shows you how. 


T he purpose of this arti¬ 
cle is to encourage am¬ 
ateurs to modify all of those 
vacuum-tube accessories 
getting dusty in the base¬ 
ment. The general rules rec¬ 
ommended here apply very 
well to any stage using 
vacuum-tube triodes or 
pentodes as oscillators or 
amplifiers. They can be re¬ 
placed by unijunction FETs 
almost without circuit mod¬ 
ifications. As a bonus you 
get lower power consump¬ 
tion with better gain, noise- 
figure, and intermodulation 
specs. A little bit of theory is 
explained and an actual 
modification is described. 
This article began back in 


1959 in Peru when, one day, 

I received TV Channel 2 
from Cuba and Venezuela. 
That was the best year for 
propagation conditions I 
have ever seen! If Channel 2 
was so well received on a 
normal TV set with an in¬ 
door antenna (there was no 
Channel 2 in Lima at that 
time), then I supposed that 
the 6-meter band would be a 
good choice for DX, too 
However, my Novice license 
kept me out of that band un¬ 
til the early Sixties. 

During those days, the 
most modern transmitter 
tube available was the 6146, 
a good tube up to 60 MHz. 
There were very reliable 


triodes for VHF receivers, 
most developed for televi¬ 
sion sets and featuring a 
very low noise figure and 
high transconductance. 
Many war-surplus goods for 
VHF were available, too, at 
very reasonable prices. I 
talked with experienced fel¬ 
low amateurs and decided 
to make a visit to my local 
radio shop just to see what 
was available. The visit was 
discouraging. The best 
choices were a Globe Scout 
for a transmitter and the 
Hallicrafters S-40 for a re¬ 
ceiver, but the goods were 
out of my price range. For¬ 
tunately, we were in the 
"build-it-yourself" days! 
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The Globe Scout was 
priced at $119.95 wired, and 
$99.95 as a kit. This transmit¬ 
ter, marketed by World Ra¬ 
dio Laboratories, featured 
80-to-6-meter coverage, AM 
plate modulation, crystal¬ 
lized frequency control, 5 
tubes (including the new 
6146), and a self-contained 
power supply. If desired, a 6- 
meter vfo, at $49.95, was 
available as an accessory, as 
was a vfo for the HF bands. 
It furnished a full 65 Watts 
CW and 50 Watts phone. I 
still have the brochure I 
picked up which has the 
schematic in the back, as 
was usual with all Globe 
products. I remember also 
the Globe Champion, a de¬ 
luxe transmitter owned by 
my friend Jose Maria OA4II. 
This beautiful 300-Watt 
transmitter was well beyond 
my price range. 

I went back home to di¬ 
gest the information I had 
gotten at the store. My own 
transmitter, the Globe Chief, 
had two 807s for 90-Watt 
CW and had a screen-grid 
modulator to go AM. The 
modulator and vfo were 
homemade and really 
worked! I also remember 
that I built another vfo for 
Eduardo OA4JR. The 807s 
allow no operation at 50 
MHz, so the Globe Chief 
was discarded as a candi¬ 
date for modification. My 
receiver, a used Hallicrafters 
S-40, had no 6-meter band 
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Fig. 3. Current flow in a properly biased P-channel FE T. 


and the price of the new Hal- 
licrafters S-53A, which cov¬ 
ered up to 54 MHz, was 
prohibitive. 

I decided to build a trans¬ 
mitter around the new 6146 
tube and to swap a BC348 
surplus HF receiver for an¬ 
other surplus VHF receiver 
A couple of days later, I met 
Mark Johnson, the owner of 
the radio shop, a great man 
and better friend. He now 
lives retired in the US but is 
not a ham any more, for he 
was not well disposed to 
learning the code. We talked 
about my research and he 
suggested that I buy a con¬ 
verter for my receiver and 
that I construct the transmit¬ 
ter That same night we went 
to the shop and he showed 
me the converter It also was 
a World Radio Laboratories 
product, the model 6-PMC, 
and featured two modern 
tubes—the 6BQ7 (twin tri- 
ode) and 6U8 (triode/pent- 
ode). I hurried home with the 
converter, connected it to 
my receiver, and received 
nothing but noise. An an¬ 
tenna was needed! I cut a di¬ 
pole and called a friend on 
forty to run a test. I transmit¬ 
ted on 40 and received on 6 
meters —and was treated to 
the clearest signal I had ever 
heard in my short life as an 
amateur. No QSB, no noise, 
no whistles, just pure AMI I 
soon had a three-element 
homemade antenna up, fed 
by my homemade transmit¬ 
ter, and certainly had the 
most enjoyable experience 
in my career as a ham 

Then came SSB, and soon 
propagation declined. I 
moved to Brazil and the 
converter remained on a 
shelf. Years later, all of my 
DXing was done on the HF 
bands using my Heath SB 
line. Even then, I thought 
that the converter was a 
good piece of equipment de¬ 
serving a revamping. During 
the late Sixties I always had 
the intention of modifying it 
but never did until now 

WRL's 6-PMC 

The 6-PMC is a tubed con¬ 
verter developed to be used 



Fig. 2. Construction of a P- 
channel FET. 


with any one of three differ¬ 
ent i-f frequencies: broad¬ 
cast band, 10 MHz, or 28 
MHz. The unit requires 200 
Vdc at 15 mA and 12.6 Vac 
at 850 mA. The antenna in¬ 
put connector is an automo¬ 
bile antenna type, since the 
equipment was intended to 
provide both mobile and 
fixed-station operation. The 
output is just a piece of coax 
to be attached to the an¬ 
tenna terminals of the re¬ 
ceiver. The modern design 
(at the time) was developed 
around a phenolic printed 
circuit board and mounted 
in a gray painted aluminum 
box. 

The schematic of the orig¬ 
inal converter is shown in 
Fig. 1. As you can see, the cir¬ 
cuit is very simple. It has a 
cascode amplifier, a pent¬ 
ode mixer, and a triode crys¬ 
tal oscillator. The oscillator 
injection is provided by 
means of the stray capaci¬ 
tances. This scheme pro¬ 
vided a low-noise/high-gain 
combination with very low 
intermodulation products. 
The only problem encoun¬ 
tered was that the PCB 
warped due to the high tem- 
perature of the shielded 
tubes! The tubes were 
placed with half of their 
body inside the metal box, 
hence most of the dissipated 
heat remained within the en¬ 
closure. 

What is a FET? 

When I decided to modify 
this unit, the obvious choice 
was to replace the tubes 
with FETs They work very 
well in place of the triodes 
and pentodes when used as 
class-A amplifiers, but they 
cannot be used as class-B or 
class-C amps, as will be ex¬ 
plained later. The input 
impedance of a FET is very 
high, some 10 megohms. It 


has very low noise, very high 
gain and excellent intermod 
response. 

The replacement of tubes 
by FETs is very easy to ac¬ 
complish, but I prefer to re¬ 
view some basics just to 
have a background that al¬ 
lows you to attempt the 
modification of simple 
tubed equipment. This way 
you will know how it is done 
and what to do if your 
equipment is not the Globe 
converter. 

Some Theory 

A field-effect transistor, 
or a FET, is a very simple 
semiconductor device. It's 
much simpler than a bipolar 
transistor since it is just a bar 
of silicon with a dopant 
which determines its polar¬ 
ity characteristic. The bar, 
for example, is of P-type sili¬ 
con and is shown in Fig. 2. 
One end of the bar is called 
the source (S) and the other 
end is called the drain (D). 
Midway across the bar there 
are two small N-type regions 
which are connected to¬ 
gether and are called the 
gate (G). The portion of the 
silicon bar between the 
heavily-doped gate is called 
the channel. As the bar is of 
P-type silicon, our FET is 
called P-channel. Should 
the bar be of N-type silicon, 
the FET is an N-channel 
device. 

As shown in Fig. 3, the cur¬ 
rent in a P-channel FET flows 
from the drain to the source 
through the length of the 
channel. Right at the junc¬ 
tion, a subtle change has 
taken place—some of the 


Fig. 4. Schematic symbols 
for FETs. 

free electrons in the channel 
have filled some of the holes 
in the P regions. Therefore, 
right at the junction, there is 
a symmetrical crystal struc¬ 
ture which forms a barrier 
and prevents any further 
combinations of holes and 
electrons. On either side of 
the junction, there is a small 
area without free carriers 
called the depletion region. 

For proper operation, the 
gate should always be re¬ 
verse-biased when refer¬ 
enced to the source. The 
source and the drain are in¬ 
terchangeable in most units 
if, and only if, the internal 
geometry is symi, itrical. To 
stay on the safe side, follow 
the terminal markings and 
the manufacturer's recom¬ 
mendation. If the FET is a P- 
channel type, the drain must 
be connected to the nega¬ 
tive side of the power supply 
and the gate must be posi¬ 
tively biased. From a differ¬ 
ent perspective, the proper 
polarity of the drain can be 
determined by thinking of 
the gate as being shorted to 
the source. The polarity of 
the drain should then re¬ 
verse-bias the junction at 
the gate drain end. The po¬ 
larity of the drain, with re¬ 
spect to the source, is then 
opposite to the polarity of 
the gate with respect to the 
source. As shown in Fig 4, 
the P-type FET symbol 
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Fig. 5. Current flow as a 
function of supply voltage. 


shows the arrow pointing 
away from the junction, 
while the symbol for an N- 
type has the arrow pointing 
toward the junction. 

As you vary the gate po¬ 
tential, the current flow is 
also varied. The doping level 
of the gate is very large com¬ 
pared with the channel; 
therefore, when the p-n junc¬ 
tion is reverse-biased, the de¬ 
pletion region will extend 
into the channel region. The 
current flows through the 
channel linearly as the sup¬ 
ply voltage is increased until 
a pinch-off voltage is 
reached and the current can¬ 
not increase anymore (see 
Fig. 5). This is caused by the 
depletion region around the 
gate which reduces the 
channel to such an extent 
that no more current can 
flow through it. The deple¬ 
tion region has very few car¬ 
riers, so its conductivity is 
very low. The result is a re¬ 
duction of the channel 
cross section and hence an 
increase in the channel resis¬ 
tance, 

Testing FETs 

l DSS is the current passing 
through the channel when 
the gate is biased at 0 volts 
or is just tied to the source. 
This current reflects the gain 


and the noise figure of the 
FET. The higher this current, 
the higher the gain and the 
lower the noise generated is. 
The setup to check the l DSS is 
shown in Fig. 6. You should 
always use the drain-to- 
source voltage that will be 
used in the actual circuit. 
The gate is connected to the 
source and the current is 
read at the ammeter in series 
with the drain supply. Re¬ 
cord this value for each FET 
that you have. I will show 
you later how to use l DSS in 
an actual design. 

FET Behavior 

FETs are semiconductor 
devices and are affected by 
changes in temperature. The 
interesting thing is that an in¬ 
crease in temperature de¬ 
creases the current flow — 
the reverse of a normal bi¬ 
polar transistor. At the gate, 
the increase in temperature 
increases the gate-channel 
leakage, but this effect is 
only important when there is 
a very high resistance in the 
gate-to-source circuit. Nor¬ 
mally, temperature is of no 
concern in the amateur ser¬ 
vice unless you install FETs 
in a very hot environment. In 
this particular case, temper¬ 
ature is something to be 
taken into account. How¬ 
ever, most FETs will with¬ 
stand temperatures of up to 
150° C if they are properly 
biased. 

Like vacuum tubes, FETs 
may be used as triodes in 
common-source, common- 
gate, and common-drain 
amplifiers, corresponding to 
common-cathode, com¬ 
mon-grid, and cathode-fol¬ 
lower tube configurations. 
Just replace the plate with 


the drain, the grid with the 
gate, and the cathode with 
the source. Most resistors 
and capacitors will remain 
the same value, with a few 
minor changes. However, it 
should be noted that the FET 
cannot replace a triode or 
pentode if the stage is a 
class-B or -C amplifier. The 
FET cannot drain current 
when the gate (grid) is for- 
ward-biased, as is normal for 
half the cycle in class-B or -C 
amplifiers. 

It is important to mention 
that the noise figure in a FET 
is quite lower than that of a 
bipolar transistor or tube. 
But remember that low 
noise figures are obtained 
only with careful circuit ad¬ 
justment and proper selec¬ 
tion of components. Noise is 
very important at both au¬ 
dio and VHF/UHF frequen¬ 
cies. At HF the high level of 
atmospheric noise is higher 
than the noise generated by 
FETs; however, a low-noise 
audio amplifier is an advan¬ 
tage in a communications 
receiver. In this regard, an 
outstanding combination is 
a FET product detector and 
a FET audio amplifier. 

In general, any oscillator 
circuit designed around a 
triode may be used with a 
FET. A large gate-to-source 
resistor should be used to 
limit the gate current to a 
safe value, since a FET oscil¬ 
lator does not operate with 
gate current. When the gate 
goes forward biased it 
merely limits the drain-to- 
source current. Usually, this 
resistor is already installed 
in the tube circuit and may 
have a value near 100k 
Ohms. The signal amplitude 
may be controlled either by 
varying the supply voltage 
or by varying the source self¬ 
bias resistor (see Fig. 6). 

As mixers and detectors, 
FETs are really excellent. 
Here is where the FET's low 
noise and freedom from 
cross modulation is of real 
value. The best operating 
point is achieved with a bias 
equal to half the pinch-off 
voltage. The drain current 



Fig. 6. Three FET circuits. 
24 73 for Radio Amateurs • November, 1985 


will then be 25% of l nss in 
static operation (without sig¬ 
nal injection). Refer to your 
I ist of I DSS val ues and reserve 
the units with higher l DSS cur¬ 
rent for the amplifier stage. 
Use the second-better units 
for the mixer stage. Using 
the same setup as before, 
place a 10k pot in series with 
the source and adjust the re¬ 
sistance until the current 
drops to 25% of original l DSS 
value (see Fig. 6). 

For minimum cross mod¬ 
ulation the instantaneous 
sum of the oscillator and sig¬ 
nal voltages should not ex¬ 
ceed the pinch-off voltage in 
low-level mixers with signals 
in the uV level. When signal 
levels are higher, like in a 
second mixer, the oscillator 
voltage should be reduced, 
which also reduces the con¬ 
version gain. There is a draw¬ 
back, however: The inter¬ 
electrode capacitance is 
very high in FETs and this 
may cause frequency pull¬ 
ing. The cure is to use an iso¬ 
lation stage. 

For product detectors the 
oscillation injection should 
be reduced. A choke or high- 
impedance transformer is 
used at the drain output to 
ensure a higher voltage and 
hence higher current at the 
drain. The choke or trans¬ 
former has less dc resistance 
than a resistor. 

When the FET is used as 
an i-f or rf amplifier, bias the 
device at % l DSS . Not too 
much gain is lost, mutual 
conductance is reduced by 
only 30%, and stability is en¬ 
sured. The procedure is 
shown in Fig. 6. 

For RC-coupled ampli¬ 
fiers, choose the load and se¬ 
lect the bias to drop the 
voltage across load to half 
the supply voltage. Use the 
same setup shown in Fig. 6. 
The RL is the chosen load 
and a voltmeter reads the 
voltage across this resistor. 
Remember to use the units 
with higher l DSS for high-gain 
preamplifiers to get a lower 
noise figure. 

Throw Away Your Tubes! 

My first step was to pull 






out the tubes and shielding* 
in the old converter Then I 
picked four 2N3819 FETs I 
already had. No special 
choice here, you may use 
MP-102s or whatever FET is 
at hand. Use a FET with high 
!(«<, current in the cascode 
amplifier for better perfor¬ 
mance. Always use the best 
FET at the first rf or audio 
amplifier, as I recom¬ 
mended before. 

I replaced the tubes by 
plugging the FETs into the 
tube sockets, inserting a FET 
at pins 6, 7, and 8 of the first 
tube. Remember that tube 
pins are numbered from be¬ 
low—pin 1 is the first pin 
counterclockwise from the 
alignment gap (viewed from 
above). I plugged the re¬ 
maining FETs into both tube 
sockets. Next, I connected 
the coaxial output to my 
Yaesu FRG-7700 antenna in¬ 
put and ran 12 V dc from my 
regulated power supply to 
the B + cable in the con¬ 
verter. I tuned the receiver 
to 10 MHz and switched on 
the converter. The noise in¬ 
creased very little and I as¬ 
sumed nothing was wrong. A 
glance at the schematic and 
some voltage measure¬ 
ments showed very poor ac¬ 
tivity of the 40-MHz crystal 
oscillator. I pulled RIO, the 
15k resistor connected from 
the power supply to the 
plate (now the drain) of the 
6U8 triode section, and re¬ 
placed it with a jumper. I 
switched it on again and 
listol TV Channel 2 interfer¬ 
ence was evident. I quickly 
tuned around 50.1 MHz but 
found no amateur activity. I 
tuned the TV-2 video carrier 
at 55.25 MHz. It was S9 + 10 
dB. Some tweaking was nec¬ 
essary and after repeaking 
the i-f coil and adjusting the 
piston trimmers, the signal 
went up to S9 + 20 dB. I 
tuned in the TV-2 audio car¬ 
rier at 59.75 MHz and 
placed my FRG-7700 in FM 
mode. The sound was crisp 
and the S-meter showed S9 
after readjusting the trim¬ 
mers. I moved back to 52 
MHz and repeaked the trim¬ 
mers. This time I received a 



Fig. 7. The new four-FET6-meter converter. 


signal, although an unde¬ 
sired one: a pirate station! 
Well, it was not bad at all for 
a modification planned 
more than 20 years ago 
I desoldered the antenna 
connector, the coaxial out¬ 
put. and the supply cable. 
The next step was to remove 
the four screws securing the 
PCB by four bronze spacers. 
The automobile antenna 
connector was very ugly and 
hence was discarded. I in¬ 
stalled a BNC jack in the 
same place and an RCA jack 
on the other side to be used 
as an output connector. In¬ 
stead of the power-supply 
cable routed out of the box 
through a hole, I installed a 
0.001-uF feedthrough to be 
used as the positive supply 
terminal and a #6 solder lug 
secured to the box with a 
6-32 X %" screw and nut for 
the negative supply connec¬ 
tion. I also installed a 22-uF 
tantalum capacitor at the 
PCB B + (now +12 V dc) 
hole and an 8-uH choke for 
rf filtering. You don't have a 
choke at hand? Don't worry, 
a 100-Ohm resistor may be 
used or just build a choke on 
a 1-Watt high-value resistor, 
winding as many turns as 
you can of number 28 enam¬ 
eled copper wire onto it. 

Adjusting the coils while 
tuned to the TV-2 video car¬ 


rier showed no improvement 
in signal strength I tuned 
around 52 MHz and ad¬ 
justed the trimmers for max¬ 
imum noise. Coil L5 refused 
to tune even with Cl2 at 
maximum capacitance- 
same thing for C4 and Cl. 
More surgery was necessary 

The two 470k resistors, R2 
and R3. form a voltage di¬ 
vider that obviously results 
in a half-supply bias of 
around 6 volts. I decided to 
install a 470k trimmer in¬ 
stead of R2 to allow a bias 
adjustment. I replaced R6 
with a 90k resistor and in¬ 
stalled a 3.3k resistor in par¬ 
allel with a .001-uF capacitor 
in series with the mixer 
source. For mixer operation, 
the FET gate bias should be 
equal to half the pinch-off 
voltage, which means a drop 
of some 25% in drain cur¬ 
rent. I installed also a 5-pF 
capacitor in parallel with all 
of the tuned circuits except 
output coil L4, which 
seemed to be resonant. 

This time the result was 
better than I expected. Back 
to the TV-2 video carrier 
which, after retuning, 
showed a beautiful S9+40 
dB on the Yaesu S-meter. The 
audio carrier was S9 + 20 dB 
and the sound was less dis¬ 
torted than before. This time 
the mixer worked very well 
Back to 52 MHz, and the tun¬ 


ing capacitors peaked al¬ 
most at their midway point. I 
removed the capacitor in 
parallel with C6 since it was 
not necessary. Then I ad¬ 
justed the trimmer at R2 for 
best performance. Tuning 
across the band showed an¬ 
other pirate station, but no 
amateur activity. 

At this time, I noted that 
capacitors C3 and C5 were 
improperly installed. Both 
were too far from the gate 
and coil, and as a result I 
noted a drop in gain each 
time I touched the connec¬ 
tion with the voltmeter. I re¬ 
located them close to the 
gate and close to L2. Also, I 
moved C11 closer to 15 and 
replaced C7 with a 500-pF 
capacitor, removing the pre¬ 
viously-installed 5-pF capac¬ 
itor in parallel with C6 and 
Cl. This time the TV-2 video 
carrier signal rose to S9 +60 
dB—full scale! The test at 52 
MHz showed an oscillation 
due to the tremendous gain 
of the cascode amplifier. I 
cured the oscillation with a 
10k resistor across both L2 
and L3. This resulted in low¬ 
ering the Q of both circuits 
and a flatter response across 
the six-meter band was 
achieved. 

The last step was to re¬ 
move the filament jumpers 
and to ground the unused 
lines. I removed also Cl 4, C8, 
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and R7. Then I installed the 
PCB in the box and wired the 
BNC connector, the output 
connector, and the +12-V- 
dc feedthrough A final re¬ 
tuning with the enclosure on 
and a test showed the oscil¬ 
lator was 2 kHz too low in 
frequency The cure was to 
install a small coil with a fer¬ 
rite core in series with the 
crystal. A small adjustment 
of the core moved the fre¬ 
quency 2 kHz up. The modi¬ 
fied circuit is shown in Tig 7. 
Please note that the induc¬ 
tance in series with the crys¬ 
tal is not shown in the 
schematic. Another crystal 
may oscillate higher in fre¬ 
quency and the cure in this 
case is a capacitor in parallel 
instead of a coil in series 
with the crystal. 

I found no amateur-radio 
activity on 6 meters in Cara¬ 
cas. Most hams here live in 
apartments, and their instal¬ 
lations are prone to TVI from 
6-meter transmitters due to 
poorly-designed TV receiv¬ 
ers. I couldn't test the con¬ 


verter with a real off-the-air 
signal, so it was off to the 
laboratory At the lab. I 
tuned the converter using 
the Sinad method and two 
Cushman Ctb-A communi¬ 
cations monitors, one used 
as a tuned i-f and the other 
as a signal generator. All of 
the tuned circuits were reso¬ 
nant at the midway point of 
the trimmer pistons. Power 
drain was 15 mA at 14 V 
dc — just 210 mW instead of 
10 Watts using tubes! 

One final bit of advice 
You can use tetrode FETs in 
the same way as triodes, but 
properly bias the second 
gate or just tie both gates to¬ 
gether and use it as a uni¬ 
junction FET for a simpler 
circuit. I am very satisfied 
with the results of this modi¬ 
fication and I hope that this 
guidance will be useful to all 
those fellow amateurs wish¬ 
ing to modify their old tubed 
gear gathering dust in the 
basement. Now, regarding 
the 33 tube sections in the 
KWM-2. . ■ 
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Improve Your Audio Report 

Are you tired of lying to your fellow amateur? Try the QRI 
signal reporting system. Let him know what he really sounds like. 


H istorically, the report¬ 
ing of the audio qual¬ 
ity of voice transmissions 
has been confined to read¬ 
ability and strength, to sim¬ 
ply: Can you hear me? and, 
Am I strong? However, re¬ 
cent articles 1 and products 2 
indicate an increasing 
awareness that this is not 
enough —many people 
want to hear the "personal¬ 
ity" in the voice. There is evi¬ 
dence that readability is 
indeed enhanced by im¬ 
proved audio "quality.'' 

What is this ephemeral 
entity which we call audio 
quality? Can it be measured 
in terms which are more 
meaningful than the con¬ 
ventional good, average, or 




lousy? In the paragraphs 
which follow I shall attempt 
to answer these questions 
and to suggest a reporting 
system which may prove of 
practical value for the grow¬ 
ing number of hams who are 
interested in audio quality. 

Frequency Range 

The most fundamental at¬ 
tribute of the human voice is 
the frequency range. As will 
be pointed out later, there 
are other characteristics 
which are significant, but 
from the standpoint of intel- 
ligibility the frequency 
range of the voice and the 
frequency response of the 
ear are of salient impor¬ 
tance. The plots which 
follow 2 give us a quantita¬ 


tive basis for frequency 
comparisons. 

Fig. 1 shows spectra for 
typical "voiced" vowel 
sounds. Here we note that 
for the sounds "oo" and 
"oh" the most prominent 
frequencies are the third 
and fifth harmonics, respec¬ 
tively, although the funda¬ 
mentals are identical. For 
the sound "ee," however, 
there are important har¬ 
monic frequencies as high as 
4300 Hertz. The "unvoiced," 
or breath, sounds (for exam¬ 
ple, "sss") can be even 
higher in frequency. 

Fig. 2 indicates the enve¬ 
lope of frequencies for a 
typical sampling of male 
voices. (Incidentally, be¬ 
cause of their wide variety 
of speech sounds, the words 
used for this plot were "Joe 
took father's shoe bench 
out; she was waiting at my 


lawn." At least it's better 
than "Hello, test"!) Since 
this is a plot of sound pres¬ 
sure, a factor of two means 
six decibels. The average 
(the solid line) is seen to be 
relatively flat up to about 
1000 Hertz and then to de¬ 
cline gradually with the6-dB 
point at 3500 Hertz. 

Fig. 3 indicates typical re¬ 
sponse curves of the human 
ear. Curve 1 is for a single 
ear; Curves 2 and 3 are for 
both ears —with multiple 
and single sources, respec¬ 
tively. Curve 3 is the typical 
ham situation, a single 
speaker in front of the lis¬ 
tener. Here, we see that the 
maximum sensitivity of the 
ear is at about 3500 Hertz. 
Also, we note that this plot is 
directly in decibels, so the 
ear is much more peaked 
than the voice; there is an al¬ 
most 30-dB variation from 
low frequencies to the fre- 
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quency of maximum sensi¬ 
tivity! 

Now, what have we 
learned from all of this? 
Well, quite a lot! We've seen 
that the voice frequency 
spectrum above 2500 Hertz 
is rich in harmonics of the 
low tones in the typical 
voice and also in the sibilant 
sounds Also, we have seen 
that the ear is relatively in¬ 
sensitive to the lower audio 
frequencies. Therefore, any 
reporting system for audio 
quality which we devise 
should give primary atten¬ 
tion to both the highs and 
the lows, as well as to the 
mid-range audio. 

Dynamic Range 

For our purposes, the 
term "dynamic range" will 
include two connotations: 
(a) the ratio of significant 
speech-sound amplitudes 
and (b) the ratio of desired 
signal to undesired distor¬ 
tion products. 

Referring to the first 
meaning, the dynamic range 
of voice is just the ratio of 
the strongest vowel sounds 
to the weakest or "un¬ 
voiced" sounds. Typically, 
this will exceed twenty deci¬ 
bels for voice. (For compari¬ 
son, music can exceed thirty 
decibels.) Dynamic range is 
a natural and desirable 
voice characteristic which 
adds significantly to the 
comfort of conversational 
speech The so-called 
speech processors in all-too- 
common use today have the 
questionable function of en¬ 
hancing the weak syllables 
of speech sounds, thereby 
acting to destroy the natural 
dynamic range. In all consid¬ 
erations of audio quality for 
amateur radio, the key word 
is "comfort" After all, we 
are dealing with a hobby. 

Referring to the second 
connotation, P. E. Chadwick 
stated in a recent article that 
". , .the term, dynamic 
range, now means all things 
to all men, and almost any 
meaning desired can be at¬ 
tributed to it!" 4 Accordingly, 

I will include in "dynamic 
range" the ratio of maxi¬ 



Fig. 3. Typical thresholds of audibility. 


mum-desired transmitter- 
power output to the corre¬ 
sponding unwanted or inter¬ 
modulation-distortion output. 
Thus, for single-sideband 
transmission, the ratio of 
wanted sideband to the un¬ 
wanted sideband would be 
included in the dynamic 
range —typically in excess 
of 40 dB for transmitters of 
modern design. 

Audible Artifacts 

In addition to the above 
categories of attributes 
which contribute, either pos¬ 
itively or negatively, to the 
comfortable transmission 
and reception of amateur 
voice signals, there has to be 
a "catch-all" classification 
which covers "none of the 
above." I have chosen to 
call this Audible Artifacts. 
Here, we find a range of ex¬ 
traneous audible distrac¬ 
tions ranging from slightly 
annoying or fatiguing 
sounds to major anomalies 
in the signal which can mask 
or interrupt reception. These 
include audible distortion, 
sounds due to switching or 
handling of the microphone, 
breath sounds due to ex¬ 
haled syllables spoken di¬ 
rectly into the mike, and 
background noise from fans, 
chairs, kids, etc. Also in¬ 
cluded in this category 
would be a number of elec¬ 
trically-generated artifacts 
such as hum, rf feedback, 
and oscillations of various 
types. 

Now that we have pro¬ 
vided an elementary basis for 
classification of the principal 
contributors to or detractors 
from good audio quality, let 
us consider how one might 
generate a meaningful voice 
reporting system. 


Reporting 

In the above paragraphs I 
have pointed out that a sim¬ 
plified reporting of the tech- 
nical quality of voice 
transmissions should con¬ 
sider five attributes: 
Low-Frequency Response 
Mid-Frequency Response 
High-Frequency Response 
Dynamic Range 
Audible Artifacts 

If we arbitrarily decide 
that we wish to give a n eq ua I 
weight of 2 points to each of 
these attributes, we have a 
neat system for reporting 
quality on a scale of one to 
ten! Also, if we consult the 
ancient Q signals which go 
back to the early days of CW 
reporting, we find that the 
signal, QRI, refers to tone— 
originally reported on three 
levels. Let us assume that 
voice is enough more com¬ 
plicated that we need five 
levels for reporting rather 
than three, and presto, our 
system is clear! QRI =10 
means a breakdown of 
22222; I haven't heard many 
on the ham bands recently 
who rate such a report! 

Now, how do we use this 
reporting tool on the air? 
First, we must switch the se¬ 
lectivity of the receiver to 
the widest passband avail¬ 
able (lowest selectivity). 
After all, you can't report on 
highs if the receiver doesn't 
pass the highs. (For example, 

I found that my receiver was 
so deficient in low-fre¬ 
quency response that I have 
substituted a miniature 
solid-state hi-fi amplifier for 
the one originally there, and 
guess what! I've never found 
a receiving situation where 
it helps to switch back to the 
original amplifier!) 
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Once we have deter¬ 
mined that our receiver is 
capable of reproducing 
"good" audio it's fun to tune 
in a voice signal and "give it 
the works"! 

If we are to give a repro¬ 
ducible quality report, we 
must apply the same stan¬ 
dards to all signals. To en¬ 
sure this it may be helpful to 
form, mentally, a set of 
questions relative to our five 
categories of reporting. For 
example, begin with a famil¬ 
iar voice: 

A. Low-Frequency Re¬ 
sponse 

Are the bass or low vowel 
sounds faithfully repro¬ 
duced? Does the bass sound 
smooth and well-rounded, not 
nasal? Doyoufeel tempted to 
retune to try and improve 
lows? Assign 2 if the lows are 
excellent, 0 or 1 if not 

B. Mid-Frequencies 

Do the tenor or treble 
tones sound smooth, not 
peaked? Do these tones ap¬ 
pear to join comfortably to 
the lows? Are the subtle in¬ 
flections of the voice ren¬ 
dered well? Assign 2 if the 
mid-range is excellent, 0 or 1 
if not. 

C. High-Frequency Re¬ 
sponse 

Are the s-sounds (sibi¬ 
lants) whistling naturally? 
Do high-pitched voices 
sound natural or distorted? 
Are the sh-sounds clearly 
different from the s-sounds? 
Assign 2 if the highs are ex¬ 
cellent, 0 orl if not. 

D. Dynamic Range 

Are the strong syllables 
(vowel sounds) strong? 
Speech processors often 
make the breath sounds 
really rancid! Now, tune to 
the unwanted sideband. (If 
you are using the lower side¬ 
band, the upper is the un¬ 
wanted sideband.) Is there 
any voice audible here? The 
unwanted should be weaker 
than the wanted by at least 
40 decibels. Assign 2 if the 
dynamic range is excellent, 
Oorl if not. 
f. Audible Artifacts 

Tune back to the wanted 
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sideband and listen criti¬ 
cally to the voice. Do you 
hear any distortion, ac hum, 
background noise, or any¬ 
thing else which shouldn't 
be there? Tune off either 
side of the signal —is there 
any carrier, splatter, or other 
abnormal broadening of the 
signal? Assign 2 if no arti¬ 
facts are present, 0 orl, oth¬ 
erwise. 

Having carefully evalu¬ 
ated the signal, we are now 
ready to give the QRI report. 
The report is just the sum of 
the five numbers assigned 
above—a TEN is perfection 
(just like in the Bo Derek 
movie of the same name). 
Less than ten needs some ex¬ 
planation. For this it may be 
helpful to give the five num¬ 
bers in sequence as, for ex¬ 
ample, QRI:8 =12122 would 
mean a clean signal which is 
somewhat deficient in lows 
and highs. 

Conclusion 

This brief article is an at¬ 


tempt to provide a system of 
reporting, numerically, the 
audio quality of radiotele¬ 
phone signals. A Q signal 
which has fallen into disuse, 
QRI has been resurrected to 
help in the process. It is 
hoped that this suggestion 


I. Richard L. Measures. “Better- 
Sounding SSB,” Ham Radio, 
February, 1984, and see p. 65, 
same issue, "Ancient Modu- 


Cornelio Nouel, “Build Your 
Own Microphone Equalizer," 
CO, July, 1984. 

2. “HM-5 Microphone,” QST, 
April, 1984. 

3. An Introduction to Acoustics, 
Robert H. Randall, Addison- 
Wesley Press; Cambridge, 
Massachusetts. 

4. "Dynamic Range, Intermod¬ 
ulation and Phase Noise,” P. 
E. Chadwick, Radio Commu- 




Hi Pro Repeaters 


MAGGIORE ELECTRONIC LAB. 


Manufacturers of Qualit y Communications Equi pment 


• Repeaters 

• Links 

• Remote Base 

• Low Band,VHF,UH 

• Receivers 

• Transmitters 

• Antennas 



I - .;•• • 


Hi Pro! 


• Standard and 
Computerized 
Controllers 

• Standard and 
Computerized 
Auto Patches 

• Duplexers 


EXPANDABLE REPEATER SYSTEM 


A NEW CONCEPT IN REPEATER DESIGN. THE HI Pro "E" IS AN EXPANDABLE REPEATER WITH THE FOLLOWING FEATURES: A BASIC REPEATER WHICH WOULD IN¬ 
CLUDE A COMPLETE RECEIVER. TRANSMITTER. COR, FRONT PANEL CONTROLS AND INDICATORS, LOCAL SPEAKER AND MIC JACK AND CAPABLE OF FUTURE 
EXPANSION. ALL HOUSED IN AN EXTREMELY RUGGED. ENCLOSED, 19-INCH RACK MOUNTABLE CABINET 
THIS SYSTEM CAN BE EXPANDED AT TIME OF PURCHASE OR CAN BE AN AFTER-PURCHASE ADD ON. THE ADD ONS ARE-HIGHER POWER, 110/220 VAC POWER 
SUPPLY. IDENTIFIER. AUTO PATCH, OR COMPUTER CONTROLLERS. IN ADDITION TO THESE ADD ONS AN ADDITIONAL RECEIVER AND TRANSMITTER CAN BE 
MOUNTED INTERNALLY FOR USE AS CONTROL LINKS. REMOTE BASE OR DUAL BAND OPERATION. ETC. 

I EXTENSION PANEL IS AVAILABLE FOR LOCAL MONITORING OF THE REPEATER AND CONTAINS ALL NECESSARY METERING, STATUS LIGHTS AND INDICATORS. Al 
ADD ONS ARE AVAILABLE FROM THE COMPANY AND ARE COMPLETE INCLUDING INSTRUCTIONS. THE Hi Pro “E" IS AVAILABLE IN NOVEMBER. 

MAGGIORE ELECTRONIC LAB. 

590 Snyder Ave.. West Chester, PA 19382 Phone (215) 436-6051 Telex 499 0741 MELCO 


WRITE OR CALL FOR OUR COMPLETE CATALOG 


November, 













Rick Littlefield K1BQT 
Box 114 

Barrington NH 03825 


Conjure an Rf-Genie 

73's Weekend Special: A 3-22-MHz signal generator/ 
i-f aligner you can build in under two hours. 


A good signal generator 
is essential for anyone 
who builds or rejuvenates 
ham-radio equipment. How¬ 
ever, new generators can be 
extremely expensive —and 
older surplus units can be 
large and unwieldy. If your 
needs are modest and your 
bench space limited, why 
not roll your own? 

The "Rf-Genie" is a com¬ 
pact home-brew generator 
covering most popular HF 
and i-f frequencies. A vari¬ 


able oscillator covers 3.2 to 
22 MHz in two bands —pro¬ 
viding coverage of 80 
through 15 meters plus most 
crystal-filter frequencies. 
Optional 455-kHz and 10.7- 
MHz crystal oscillators can 
be switched on-line for pre¬ 
cise i-f alignment. Generator 
output is on the order of 4 
volts p-p into a 500-Ohm 
load. A simple voltage-di¬ 
vider attenuator controls 
the generator's output level, 
and a second output pro¬ 


vides sufficient drive for an 
external frequency counter. 
The Genie is powered by a 
single 9-volt battery, and an 
LED indicates battery con¬ 
dition when the unit is 
turned on. Because the gen¬ 
erator is self-contained in an 
aluminum box, rf leakage is 
very low. 

Circuit 

Q3, 4, and 5 make up the 
oscillator and buffer stages 
of the variable-frequency 
module. This is a standard 
“handbook'' vfo circuit 
which has been modified to 
cover a wide frequency 
range. The LC circuit con¬ 
sists of tapped toroidal in¬ 
ductor LI, dual-section 
capacitor Cl, and a 3PDT 
miniature toggle switch. Os¬ 
cillator stability is sufficient 
for most short-term align¬ 
ment jobs. However, long¬ 
term stability could be im¬ 
proved by substituting a 
T50-6 core for the T50-2 core 
at LI and by substituting a 
quality wafer switch at SI. 
For fixed values of C, NPO 
ceramic capacitors are more 
stable than silver mica. 

Crystal oscillators Q1 and 


Q2 are adaptations of sim¬ 
ple untuned bfo circuits. 
The 455-kHz module uses a 
ceramic resonator in place 
of a crystal. If a crystal is 
substituted, a much larger 
netting capacitor is required 
to produce sufficient trim¬ 
ming range. 

Slide switches activate 
the desired oscillator. S2 
switches between the vari¬ 
able and fixed oscillators, 
and S3 selects the fixed os¬ 
cillator frequency. A single 
DP3T slide or rotary switch 
could replace S2 and S3 to 
provide a more straightfor¬ 
ward switching arrange¬ 
ment. 

The attenuator is a simple 
voltage divider controlling 
the oscillator output level. 
This provides a wide range 
of signal outputs for casual 
alignment work. For more 
critical applications, a step 
attenuator is a worthwhile 
addition (refer to pages 25- 
42 in the 1985 ARRL Hand¬ 
book for a possible design). 
A second attenuator adjusts 
signal level to the fre¬ 
quency-counter output. This 
is set to the minimum level 



The Genie in operation. 
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Parts List 


RFC1— 1 mH, Miller 70F103A1, Radiokit 
RFC2— 10 mH, Miller 70F102A1, Radiokit 

Y1— 10.7-MHz crystal, Type GP-1, Cat. #4331626, Inter¬ 
national Crystal Corp., $8.67 each 
Y2— 455-kHz ceramic resonator, CSB-455E, Radio 
Shack 

LI— 38 turns #28 on T50-2 (taps at 4,10, and 17 turns) 


Cl— 15-80/15-200 pF 

Electro, $2.50 each fp. 


required for stable readout 
on the counter across the 
generator's range 

Zener D1 and LED D2 
make up a simple off/on and 
battery-status indicator. 
When battery voltage falls 
below the voltage threshold 
established by the zener, the 
LED no longer illuminates. A 
Ik series resistor limits LED 
brightness in order to pro¬ 
long battery life. 

Construction 

Since small size and sim¬ 
plicity were desirable for my 
application, I built the gen¬ 
erator into a compact 2" X 
4" X 4" case. To reduce the 
chance of leakage, all of the 
longer rf leads were 
shielded. Overall layout was 
not critical —but normal 
precautions were observed 
when assembling the vfo 
section. Vfo components 
were carefully secured to 
ensure mechanical stability, 
and the board was mounted 


trimmers and vernier. BCD 
28, Cat. #73) 


switch, frequency coverage 
of the generator could easily 
be extended and spread out 
over several bands. 

Calibration of the vari¬ 
able oscillator was accom¬ 
plished with the aid of a 
frequency counter. Some 
manipulation of the trim¬ 
mers on Cl was necessary to 
butt the beginning of the 
high-frequency band to the 
end of the low-frequency 
band Once the ranges were 
established, the frequency 
scales were marked on the 
panel. I used Presstype dry 
transfer lettering—a pains¬ 
taking exercise that took a 
couple of hours to com¬ 
plete. Although this gives a 
professional appearance to 
the completed unit, a paper 
scale marked in pencil or ink 
would be just as functional. 

RG-176 miniature coax 
was used for test cables. 
One cable is terminated 



Inside view of the Genie. 


with miniature clip leads for precise frequency on the 20- 
connection to the circuit un- or 15-meter band becomes 
der test, and the other with a very touchy due to the lack 
BNC connector for connec- of bandspread. 
tion to a frequency counter. 

Conclusion 

Operation The "Rf-Genie" was de- 

The Genie is very simple signed to fill the perfor- 
to use. When paired with a mance gap between older 
frequency counter, accu- "kit" generators and expen- 
racy is a function of the sive lab-quality units. It pro¬ 
counter's readout. Since the vides stable coverage of the 
vfo is heavily buffered, the more popular HF ham bands 
generator remains stable un- and offers crystal-controlled 
der varying loads. The only accuracy on the two most 
problem I have encountered common i-f frequencies, 
is a function of the genera- Many options can be added 
tor's wide frequency range, to suit the individual 
Setting the generator to a builder.■ 


as close to the bandswitch 
and tuning capacitor as pos¬ 
sible. Leads to the band- 
switch, tuning capacitor, 
and inductor were formed 
from stiff bus wire and kept 
short. The vfo inductor was 
mounted on the switch it¬ 
self, held firmly in place by 
the mounting leads 

The tuning capacitor I 
chose is particularly well 
suited for a signal generator 
since it has two sections with 
different capacity ranges, 
built-in trimmers, and a re¬ 
duction drive It is available 
from BCD Electro for $2 25 
and comes complete with a 
tuning knob and pointer 
With a little experimenta¬ 



tion and a different band- 


Fig. 1. Schematic for the "Rf-Genie," 
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Operate OSCAR on 10 Meters? 

It's a snap—all you need is 
this versatile satellite converter! 


T he transceive mode of 
operation is a worth¬ 
while convenience—you're 
on that DX station without 
causing those QRM-type f re- 
quency-alignment tuning 
whistles. This 435-MHz 
transmit converter has an 
output of over 2 Watts, and 
the 146-MHz receive con¬ 
verter features a low-noise 
GaAsFET preamplifier. Most 
of the parts can be pur¬ 
chased from Radio Shack, 
and the others are readily 
available by mail order. I 
have included in this article 
descriptions of a test assem¬ 
bly for eval uating frequency 
spectrum and a simple 
dummy load/power-measur¬ 


ing device. No other special 
test equipment is required. 
The critical frequency-align¬ 
ment measurements can be 
made using the HF trans¬ 
ceiver calibration. 

How It Works 

Confirming access into 
the OSCAR-10 satellite re¬ 
quires simultaneous opera¬ 
tion of the transmitter and 
receiver, complicating the 
HF transceiver conversion. 
The method of solving this 
problem is indicated in Fig. 
1. Access is confirmed by 
switching to a test mode 
where a separate 29.6-MHz 
source activates the trans¬ 
mitter mixer while simulta¬ 



Fig. 1. Concept block diagram. 
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neously the LO (local oscil¬ 
lator) frequency is lowered 
by 10 kHz. Without the fre¬ 
quency shift, the received 
satellite response would 
have the same frequency as 
that of the test source. 

Misalignment of the 
transmit/receive frequen¬ 
cies caused by Doppler shift 
or minor equipment vari¬ 
ances are compensated for 
by a receiver LO frequency- 
trim capability. Tuning the 
receiver to the frequency 
corresponding to the trans¬ 
mitter LO shift (29.660 kHz) 
and trimming the receiver 


LO adjustment while listen¬ 
ing to the satellite response 
will result in transceive 
tracking. 

It should be noted that 
satellite sideband reversal is 
accommodated with the 
transmitter mixer LO on the 
low side and the receiver 
mixer LO on the high side of 
the operating frequencies. 
In actual operation, and 
with my particular HF trans¬ 
ceiver, I can hearthetail end 
of the satellite response as it 
is delayed from the long 
propagation path. Success 
of this feature requires a 



Fig. 2. HF transceiver interface. 










transmitter hold time of less 
than 200 ms. This type of 
cross-check for satellite ac¬ 
cess is useful but it is not a 
requirement. 

Fabricated Methods 

Etched lines are avoided 
in the UHF stripline circuitry 
by using a glue-down strip¬ 
line technique. Strips are cut 
from double-sided glass PCB 
of the size normally associ¬ 
ated with etched-circuitry 
dimensions One side is 
smeared with glue and 
firmly pressed against the 
base PCB. Node connection 
is required between the glue 
interface Dc isolation is 
provided by filing a small 
groove in the stripline foil 
and soldering the related 
coupling capacitor across 
the groove. Tests indicate 
the performance to be 
equivalent to that of etched 
circuitry. Components other 
than striplines are mounted 
using small PC pads glued to 
the primary PCB. the parts 
soldered directly to the pad 
foil for interconnection and 
support. This fabrication 
method is exceptionally 
flexible. If a mistake is 
made, simply lift the strip¬ 
line or mounting pad with a 
knife and make the neces¬ 
sary change. 

HF Transceiver Interface 
The HF transceiver is op¬ 
erated at the minimum 
power level that does not 
compromise its perfor¬ 
mance. Only 0.5 Watts is re¬ 
quired for the converter, 
therefore most of the power 
is dissipated in a dummy 
load. The interface includes 
two capacitive variable at¬ 
tenuators, each adjustable 
from -10 to -30dB. One is 
adjustable to provide opti¬ 
mum transmitter converter 
drive, and the second, used 
to protect the receiver con¬ 
verter from high rf levels, is 
normally operated at maxi¬ 
mum attenuation. Their ef¬ 
fect on load impedance is 
minimized by connecting 
them through a short 4-inch 
cable to a T-connector on 
the dummy load 







Fig. 3. Transmit converter. 
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Fig. 4. Transmit converter layout indicating glue-down mounting-pad and stripline loca- 



Fig. 5. Amplifier/filter circuit. 



The dummy load is 
twenty 1/2-Watt, Ik resistors 
connected in parallel. They 
are clustered around an RG- 
58/U cable, soldered to 
two 1-1/4 "-diameter plates. 
The plates are parallel and 
spaced the length of the re¬ 
sistor. The complete assem¬ 
bly is immersed in a pint of 
cooking oil. The dummy 
load can absorb 100 Watts 
for short periods. 

Transmit Converter 

The transmit converter LO 
starts with a 45-MHz vxo 
(variable crystal oscillator). 
The normal operating fre¬ 
quency (45.0545 MHz) is 
established by the trim ad¬ 
justment, Cl, and the test 
frequency (45.0556 MHz) is 
trimmed by a 2N3053 con¬ 
nected to operate as a var¬ 
actor. In the test mode, the 
varactor is switched by relay 
1 to a 5k potentiometer for 
frequency trim. 

The vxo is a very useful, 
stable, and reliable device. 
However, two precautions 
are required. First, it is very 
sensitive to common capac¬ 
itance at the crystal induc¬ 
tance junction. Due to this, 
and to reduce stray capaci¬ 
tance, I have avoided using 
a standard crystal socket, 
making one using pins from 
an old miniature tube 
socket. Also, care has been 
taken to isolate the crystal 
from the mounting PCB. 

Second, it likes a slow 
turn-on. This is accommo¬ 
dated in the circuit using a 
220-Ohm, 1000-mF filter in 
series with the supply volt¬ 
age. The vxo is followed by a 
buffer, tripler, and amplifier. 
The BFX89 was chosen for 
these stages due to its high 
performance and because 
it's available on the surplus 
market at low cost. The 135- 
MHz amplifier has an out¬ 
put of 150 mW. 

The Q6 MRF629 used in 
the 405-MHz tripler has two 
unusual features. First, the 
emitter is tied to the TO-39 
case, and soldering it to both 
sides of the double-sided 
mounting PCB provides ad¬ 
equate heat sink. Second, it 
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contains Faraday shield 
diodes between the collec¬ 
tor and emitter for the pur¬ 
pose of isolating the base 
input from the collector. 

When operating below 
the rated voltage, the diodes 
function as varactors; the 
transistor then operates as 
an effective frequency mul¬ 
tiplier (Motorola EB70A). In 
the circuit, the third har¬ 
monic is picked off by a 
high-Q stripline, L11-C10, 
and inductively coupled to a 
second stripline, L10-C9, 
that is connected directly to 
the MRF629 collector The 
output is over 0.5 Watts. 

The 1N914 SBM (single- 
balanced mixer) uses paral¬ 
lel diodes to increase the 
power-handling capability. 
The 180° phase shift is han¬ 
dled by two 1/4-X striplines, 
L12-L13. Phase-nulling trim 
is by Cl2, and amplitude¬ 
nulling trim is by Cl 3. They 
can be adjusted to provide 
40-dB rejection of the LO at 
the SBM output. However, 
under dynamic operating 
conditions as a mixer, the 
rejection is reduced to ap¬ 
proximately 20 dB. The 
dominant output at the low- 
Q stripline, L14-C14, is ap¬ 
proximately 100 mW at 435 
MHz. Attenuation of the 
376-MHz image is about 6 
dB 

TP1 is an invaluable test 
point. It confirms proper 
SBM drive by the LO (10 V) 
and the LO + signal (13 V). 
The SBM signal is from ei¬ 
ther the HF transceiver or 
the test source as switched 
by relay 2 or relay 3. 

The test source has a max¬ 
imum output of 1 Watt at 
29.6 MHz. In normal opera¬ 
tion it is adjusted by a poten¬ 
tiometer in the driver supply 
voltage to about 0.5 Watts 
to the SBM. 

Amplifier/Filter 

Assembly 

A filter is required to dis¬ 
criminate against the SBM 
405-MHz LO leakage and 
the 376-MHz image. There 
are actually two filters, each 
having two air-gap high-Q 
striplines. Each of the filters 


can be adjusted to provide 
20-dB isolation of the 405- 
MHz LO while peaked at the 
435-MHz operating fre¬ 
quency. 

Image discrimination is 
much greater. The insertion 
loss of each filter is approxi¬ 
mately 1 dB, The critical ele¬ 


ment of the filter is the 
home-built capacitor be¬ 
tween the two striplines. It is 
adjusted for critical cou¬ 
pling between the two tuned 
circuits by bending the 
5/16*-square plates for dif¬ 
ferent capacity. 

The capacitor plates and 


other mounting hardware 
associated with the strip¬ 
lines are made from vegeta¬ 
ble-can tin, tinned with 
solder. The stripline shield 
size is 13/16* x 9/16' x 
2-3/4*. They are mounted 
leaving the stripline ends ex¬ 
posed to permit adjustment 
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Fig. 9. Spectrum monitor. 


of the capacitors. The 
shields are made from Rey¬ 
nolds perforated aluminum 
(1/8-inch holes spaced 1/4 
inch). Forming shields with 
this material is easy. 



Fig. 10. UHF dummy load/ 
power meter. 


The MRF629 amplifiers 
are identical. Each is mount¬ 
ed on a 2-1/2" x 3"separate 
PC board for the purpose of 
isolating the emitter for bias¬ 
ing. The PCB is held to the 
base PCB with four 2-56 
screws using a third 1/2-inch- 
square PCB at each screw to 
insulate the screw from the 


Transmit Converter Parts List 
Q1-2N3053 (276-2030) 

Q2—2N3819 (276-3035) 

Q3, Q4, Q5—BFX89 (MHZ Electronics) 

Q6-MRF629 (MHZ Electronics) 

Q7, Q8, Q9, Q10—MPS2222A (276-2009) 

LM317T—(276-1778) 

1N914 diodes (4) (276-1122) 

Y1—45.0556 MHz; Y2—29.670 MHz (ICM 031081) 

5-60-pF trimmers (15) (272-1340) 

3-10-pF trimmers (4) (272-1338) 

FT—0.001-nF feedthrough capacitor (Meshna H30) 

Relay 1. 2, 3 (275-233) 

FB—ferrite bead (2) (Amldon FB-64-101) 

Chi—10 ,»H (273-101) 

Ch2,3—15T #30 wire on 1/2-W Ik resistor 

LI—25T #26 wire on 1/4'-dia. Plexiglas form 

L2—14T #22 wire on 1/4"-dia. Plexiglas form 

L4, L6—6T #14 wire, 1/4" inside diameter 

L3, L5—3T #22 hookup wire wound around end of L4 and L6 

L7—Interconnect glue-down stripline 1/8" x 1-3/4" 

L9—5T #14 wire, 1/4" inside diameter 
L8—IT #22 hookup wire wound around end of L9 
L10—3/16" x 1-1/2" stripline, 1/4" air-gap from mounting 
board 

L11—3/16" x 2-3/4" stripline, 1/4" air-gap from mounting 
board 

Spaced 1/8" air-gap from L10. Output tap 5/16" from end. 
L12, L13—Glue-down stripline 1/8" x 2’ 

L14—Glue-down stripline 3/16" x 2" 

Stripline material—.059" double-sided glass PCB (Meshna 
PCB 28) 

Stripline glue—All purpose adhesive, acetate type (64-2307) 
Mounting board—6" x 11" double-sided glass, .059" PCB 
(Meshna PCB 28) 

All fixed capacitors in pF unless otherwise noted. Disc ce¬ 
ramic/50 V 

All fixed resistors 1/4 W, 5% unless otherwise noted 
Manufacturer catalog numbers in parentheses (Radio Shack 
and others) 


baseboard. The various foils trolled by a potentiometer 
are reamed with a large drill at the operator position 
(1/4 inch) to keep the screw rather than in the module, 
from shorting on the foil. The 175-MHz output of 

Insulation between the about 100 mW is more than 
two boards is not critical — I enough for the DBM (dou- 
used plastic from a sand- ble-balanced mixer). A 4-dB 
wich bag. Adequate heat pad is used at that interface 
sink for the MRF629 is pro- to ensure optimum termina- 
vided by soldering theTO-39 tion. The diode-ring DBM 
case to both sides of the provides excellent port-to- 
PCB. The 2-1/2-Ohm emitter port isolation even when us- 
resistor is more than ade- ing ordinary unmatched 
quate for dc stabilization diodes. Don't hesitate to 
under all operating condi- make your own DBM —it's 
tions. The bias resistors indi- easy to build. Twisting the 
cated make an idling current trifilar wires together before 
of approximately 100 mA. winding them on the toroi- 
Although the MRF629 is dal core will minimize the 
rated at 8-dB gain, 9 or 10 is chances of scraping the in¬ 
typical. sulation. 

Receive Converter The pre amplifier dual- 

Assembly gate GaAsFET was pur- 

The receive converter LO chased as a surplus MRF966. 
circuit is the same as that However, the assembly re¬ 
used in the transmit assem- ceived is marked TI201/45- 
bly. The crystal series in- 005 and it has different bias 
ductance is somewhat more characteristics. Having no 
critical due to the larger fre- data sheet, I experimentally 
quency variance. Also, the developed operating condi- 
varactor voltage is con- tions I believed to be near 


Amplifier/Filter Parts List 
Q11,12—MRF629 (MHZ Electronics) 

5-60-pF trimmers (8) (272-1340) 

3-10-pF trimmers (4) (272-2338) 

C21-C28—5/16' x 5/16", 1/16" minimum air-gap 
FT—0.001-/iF feedthrough capacitor (Meshna H30) 

FB—ferrite bead (2) (Amidon FB-64-101) 

Ch6,9—10 jiH (273-101) 

Ch4,7—4T #22 wire, 1/8" inside dia. 

Ch5,8—15T #22 wire, 1/8" inside dia. 

L20, 21, 26, 27—Stripline 3/8" x 3", input/output tap 5/8" 
from end, 1/4' air-gap from mounting board 
L22, 28—Interconnect glue-down stripline 1/8" x 3/4", 
groove filed 1/4" from end to accommodate blocking ca¬ 
pacitor 

L23, 29—Glue-down stripline 3/8' x 3/4", beveled at one 
end for MRF629 connection 
L24,30—Glue-down stripline 1/8" x 3/4" 

Stripline material—.059" double-sided glass PCB (Meshna 
PCB 28) 

Stripline glue—All purpose adhesive, acetate type (64-2307) 
Filter shields—Inside clearance, 13/16" x 9/16", length 
2-3/4' 

Reynolds perforated aluminum (1/8” holes spaced 1/4") 
Mounting board—6" x 11" double-sided glass PCB 
(Meshna PCB 28) 

Subchassis (2)—2-1/2” x 3" x .059" double-sided glass PCB 
(Meshna PCB 28) 

Subchassis/mtg. board insulation—Sandwich bag plastic 
All fixed capacitors disc ceramic/50 V unless otherwise 
noted 

All fixed resistors 1/4 W, 5% unless otherwise noted 
Manufacturer catalog numbers in parentheses (Radio Shack 
and others) 
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optimum for low noise. The 
collector current is 10 mA at 
7 volts. In the circuit, back- 
to-back 914 diodes across 
the input protect the FET 
gate from input transients. 
The narrowband T-network 
at the output discriminates 
against the 376-MHz image. 

In the fabrication, the 
Q18 X-package gates are 
mounted on two glue-down 
pads and the source is 
mounted on a pad made 
from #14 wire bent in a U- 
shaped closed loop. The 
drain lead is soldered di¬ 
rectly to the 10-Ohm resis¬ 
tor, minimizing inductance 
by carefully bending the 
lead upward (clamp it with 
long-nose pliers and bend 
the remaining portion). I 
made a noise-source com¬ 
parison with my old MRF901 
preamp. The noise figure is 
indicated to be improved by 
a small but measurable 
amount. 

The MCI350 integrated 


circuit amplifies the 29.6- 
MFIz DBM output up to ap¬ 
proximately 40 dB. The high 
amplification is required to 
compensate for the inter¬ 
face attenuator. HF trans¬ 
ceiver rf feedback is limited 
by back-to-back 1N914 
diodes across the 1C output. 

Alignment Notes 

1. It is required that the 
MRF tripler operate in a near 
saturation mode with a col¬ 
lector current of 300 mA or 
more. A drive of approxi¬ 
mately 100 mW is necessary. 

2. The transmitter LO and 
the test-source second har¬ 
monic will produce a signal 
in the 14-MHz band when 
the receiver antenna is 
placed near the LO. Adjust 
Cl for 14.2844 MHz with re¬ 
lay 1 open. Adjust the 5k 
varactor pot for 14.2855 
MHz with relay 1 closed. 
This results in the 10-kHz 
offset. 

3. TP1 will be over 10 V 


when the LO is peaked for 
maximum output. Monitor¬ 
ing the SBM output with the 
spectrum monitor, null ad¬ 
justments of Cl 2 and Cl 3 
will result in LO rejection of 
40 dB while maintaining 10 
VatTPI. 

4. TP1 will be 13 V or 
more while in the test mode. 
Optimize the SBM for maxi¬ 
mum 435-MHz output and 
minimum 405-MHz LO 
feedthrough. The LO rejec¬ 
tion under these conditions 
will be about 20 dB. 

5. Adjust the first filter 
with a peak voltmeter at 
C23, optimizing it for the 
435-MHz response. Gradu¬ 
ally reduce C21 by bending 
the 5/16"-square plates 
while continually optimiz¬ 
ing the output with C20 and 
C22. Continue this until 
there is a slight decrease in 
response. The second filter 
is adjusted in a similar man¬ 
ner. 

6. With normal amplifier 
operation, the dummy load 
will become very hot within 
a few minutes without 
forced-air cooling. It can be 
calibrated for power mea¬ 
surements with a dc voltage, 
noting the thermistor resis¬ 
tance vs. time. The thermis¬ 
tor in my particular assem¬ 
bly changes from 2 M to 
160k in three minutes with 2 
Watts input. A similar mea¬ 
surement with 1.5 Watts is 
290k, and for 2.5 Watts, 60k. 
Use a blower to cool off the 
dummy load between cali¬ 
bration runs. The calibration 
indicated 2.5 Watts output 
from the transmitter. 

7. In the receiver LO, re¬ 
strict TP2 to no more than 3 
V by increasing the capaci¬ 
tance, C36. 

8. The receiver LO and 
the test source will produce 


a signal in the 28-MHz band. 
Set the control-panel pot at 
the center of rotation and 
adjust C34 for a signal at 
28.8317 MHz. This repre¬ 
sents the 58.5017-MHz cen¬ 
ter frequency. With the 
proper value of L31, rotation 
of the potentiometer will re¬ 
sult in a frequency variance 
of +5 kHz around the 
28.831 7-MHz center fre¬ 
quency. 

9. With all circuits 
peaked for 29.6-MHz re¬ 
sponse in the HF transceiver, 
the DBM will contribute to 
the noise. This can be 
checked by disabling the LO 
(place your fingers on the 
crystal housing); there will 
be a small decrease in noise. 

10. The rf amp will 
greatly increase the noise. 
Optimize the noise figure by 
tuning C43 and C44 while lis¬ 
tening to a noise source or a 
signal through the antenna 
(hopefully the OSCAR-10 
beacon). 

Operation 

It is assumed that the 
transceive converter has 
been interfaced with the fi¬ 
nal uplink transmitter. 

1. Initiate the test mode 
and lower the frequency of 
the HF transceiver 10 kHz as 
compared to the test-source 
frequency. 

2. Increase the HF trans¬ 
ceiver output for optimum 
uplink power. 

3. Tune the control-panel 
trim potentiometer for sat¬ 
ellite response. 

4. Switch to normal oper¬ 
ation. The system will be in 
the transceive mode of op¬ 
eration. 

5. Check the frequency 
alignment approximately 
every hour for Doppler com¬ 
pensation. ■ 


Receive Converter Parts List 

Q13—2N3053 (276-2030) 

Q14—2N3819 (276-3035) 

Q15,16,17—BFX89 (MHZ Electronics) 

Q18—MRF966(?) see text (MHZ Electronics) 

MCI 350 (276-1758) 

5082-2835 diodes (4) (276-1124) 

1N914 diodes (4) (276-1122) 

Y3—58.5117 MHz (ICM 031081) 

5-60-pF trimmers (6) (272-1340) 

3-10-pF trimmers (5) (272-1338) 

ChIO, 11—10 uH (273-101) 

L31—22T #26 wire on 1/4"-dia. Plexiglas'" form 
L32—10T #22 wire on 1/4"-dia. Plexiglas form 
L34, 36—4T #14 wire, 1/4" inside dia. 

L33, 35—2T #22 hookup wire wound around end of L34 and 
L36 

L37—17T #22 wire, 1/8" inside dia. 

L38—20T #26 wire on 1/4"-dia. Plexiglas form 
L39—4T #14 wire, 1/4" inside dia. 

L40, 42—6T #14 wire, 1/4" inside dia. 

L41—3T #14 wire, 3/16" inside dia. 

L43—IT #22 hookup wire wound around end of L42 
T1, T2—8T #26 wire trifilar wound on FT37-67 toroidal core 
(Amidon) 

T3—10T #26 wire bifilar wound on FT37-67 toroidal core. 
Secondary 4T #22 hookup wire wound over the bifilar 
winding (Amidon) 

Mounting Board—6* x 9" double-sided glass, .059 PCB 
(Meshna PCB 28) 

All fixed capacitors in pF unless otherwise noted; disc ce¬ 
ramic/50 V 

All fixed resistors 1/4 W, 5% unless otherwise noted 
Manufacturer catalog numbers in parentheses (Radio Shack 
and others) 


Part Suppliers 
(Other than Radio Shack) 

Amidon Associates, 12033 Otsego St., North Hollywood CA 
91607 

International Crystal Mfg. Co., Inc., 10 N Lee, PO Box 
26330, Oklahoma City OK 73126 
John J. Meshna, Jr., Inc., 19 Allerton St., Lynn MA 01904 
MHZ Electronics, Inc., 2111 W. Camelback Rd., Phoenix AZ 
85015 
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A Gentleman's Antenna 

The solution to an age-old problem: 

How do you fit a 160m wire onto a 40m lot? 


Bill Clarke WA4BLC 
Box 2403 

falls Church VA 22042 


O nly a few years ago, in¬ 
terest in the 160-meter 
band had lagged to almost 
nothing. The reason was sim¬ 
ple: We as hams had be¬ 
come appliance operators 
and, until only recently, our 
appliances did not operate 
on 160. Well, all that's 
changed now. 

lust browse through this 
magazine and look at the 
ads for new all-solid-state 
HF transceivers. With few 
exceptions, all operate on 
the Top Band Now that the 
capabilities are there for 
160, can most of us operate 
there? A resounding NO! 

The big limiting factor for 
successful operation on 160 
meters is the size of anten¬ 


nas needed. There are two 
basic antennas that see use 
on 160: the vertical and the 
dipole (or its cousin the vee). 

Antennas 

Verticals are basically 
low-angle radiators —very 
good for DX but not so good 
for local (under 500 miles) 
contacts. Verticals also re¬ 
quire extensive ground 
work. This means much dig¬ 
ging and laying of radials, 
with the end result suppos¬ 
edly a "perfect rf ground." It 
is a lot of work that can in¬ 
volve thousands of feet of 
wire for the radials and an 
equal amount of digging 
Then there is the reseeding 
of the damaged lawn, to say 
nothing of what the XYL has 
been saying about your ef¬ 
forts. I won't even mention 
those quiet whispers among 
the neighbors. 

There is an easier way: a 
dipole antenna. It is a wire 


antenna, as I am sure you all 
know, requiring only a feed¬ 
line and a place between 
supports to hold it up in the 
air No ground radials! Of 
course you do need 246 feet 
between the supports. That 
246 feet is a long way—in 
fact, so long that most sub¬ 
urban antenna farms (house 
lots) cannot hold it. You 
could ask your neighbor if 
he would mind if you 
hooked part of your antenna 
into one of his trees. You 
know your neighbor.. .the 
one that owns the new TV 
you tear up on 20 meters 
during "Monday Night Foot¬ 
ball ." 

If you're like me. you 
don't want to owe your 
neighbor anything. I'll do it 
myself, thank you So now 
what do you do? Build a re¬ 
duced-size dipole. It's a 
good idea, you say, but you 
don't want to do all the 


math, right? OK, read on — 
I've done it for you. 

The Short Answer 

A shortened dipole is in¬ 
ductance loaded. This in¬ 
ductance must be placed 
between parts A and B of 
each dipole element (see 
Fig. 1). The inductance and 
element lengths vary de¬ 
pending upon the total 
length of the antenna used. 

Measure between the two 
supports you plan to use (or 
measure the height of the 
single support you plan to 
use in the case of an in¬ 
verted vee). Remember that 
the largerfclosertofull size) 
the antenna is. the more ef¬ 
ficient itwill be(seeTablel). 
Table 1 is based upon com¬ 
puter design information for 
1.9 MHz. 

Coil Construction 

In Table 1 the number of 


Overall Element A 
Length (ft.) Length 

246.3 full-size 
antenna 

221.3 66.5 

197.1 59.1 

172.4 51.7 

147.8 44.3 

123.2 36.9 

98.5 29.6 


Number Of Element B 

Coil Turns Length 


10 44.3 

20 39.4 

33 34.5 

48 29.6 

65 24.6 

86 19.7 


Fig. 1. An inductance-loaded shortened dipole. 
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Table 1. 




Fig. 2. Loading-coil detail. 


turns for the coil is given. 
The coil is made by winding 
#12 insulated house wire on 
a form made of 2Vi "-out¬ 
side-diameter plastic pipe. I 
use 2"-inside-diameter Amo¬ 
co rigid PVC conduit. The 
wire is close wound, with the 
plastic insulation acting as 
the spacer. The result is a 
coil with a pitch of 8 TPI (see 
Fig. 2). 

Installation 

The antenna is installed 


exactly as any other dipole 
or inverted vee. I do not rec¬ 
ommend the use of a balun 
but suggest the use of a good 
center insulator and RG-8 
coax (you will probably be 
running an amplifier some¬ 
day). The antenna is tuned 
by the usual method of an 
swr bridge and trimming or 
adding to the ends of the ele¬ 
ments. To raise the resonant 
frequency, shorten the an¬ 
tenna. To lower it, lengthen 
the antenna. ■ 


DOCKING BOOSTER 


Converts Your HT to a Powerful 



Mobile Unit 

30 or 50 watts output 
16 DB GaAs FET pre-amp 
Fits on most car doors 
Mic hang-up clip 
icom.Yaesu, Kenwood 
2 Meters & 70 cm 

$ 149 * 


CMC COMMUNICATIONS, INC. 
5479 Jetport industrial Blvd.-Tampa, fl 33614 
Phone: 813-885-3996 


40/80 Meter Antenna Kit 
For “Perfect Dipole”SWR 

Quick Installation — Nothing Else to Buy 



Get “perfect dipole" (low SWR) operation on both bands, plus “second 


resonance” operation on 



5 and 20 meters. Complete instructions 
result in quick, accurate installation and prun¬ 
ing to low operating SWR. 

Every component in the 40/80 meter kit is 
an old line, reliable UNADILLA product, time- 
tested with hams for at least 15 years! 

FREE catalog describes a complete line of 
baluns, remote antenna relays and antenna 
traps in the 10-60 meter band. 


Purchase from any of over 
300 dealers nationwide, 
or order direct! 

Only $65.00 

Tax & UPS Shipping Included 

Name _ 

Address _ 

City_State_Zip_ 

Phone ( )_ 

□ AmEx □ VISA □ Mastercard 

Card #__ 

Valid (AmEx only) ___ 

Expires_ 

□ COD □ Check □ Money Order 

To ORDER or request free full line catalog of 
baluns. antenna relays and antenna traps, call 

1-800-523-0027 

24 HOURS-7 DAYS A WEEK! 
NYIHI/AK/CAN residents please use coupon 
or call collect 315-437-3953, 8-5 EST 

1 week delivery for credit card & COD., 

2 weeks for personal check. 

60 DAY MONEY BACK GUARANTEE! 

UnadlllafReycoflnllne 

6743 Kinne St., E. Syracuse, N.Y. 13057 7311 


“When You Buy, Say 73" 
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Richard /. Bailey 
68A Church Street 
Conic NH 03867 


Probe the Unknown 

Looking for an easy way to measure rf? Use the 
"electric pen "a no-load active probe with real flair! 


W hile trying to align a 
surplus receiver, I 
found I needed an rf probe. I 
threw together the typical rf 
probe found in all the hand¬ 
books. This probe, shown in 
Fig. 1, consists of a .01-uF 
capacitor to block the dc 
component of the signal, a 
shunt germanium diode 
which develops the voltage 
across it, and a simple RC 
filter to smooth the output 
waveform. I twisted the 
component leads together, 
connected the makeshift 
probe to the circuit, and 
tweaked the adjustment of 
the LC circuit I was trying 
to align from one end to 
the other without finding 
a peak. After the usual 
amount of cursing and con¬ 
templation of the ramifica¬ 
tion of Murphy's Law (with 
its usual corollaries), some 



Fig. 1. Simple rf probe. 


semblance of reason pre¬ 
vailed and a more scientific 
approach was decided upon 
to try to find the solution to 
the problem. 

The LC circuit I was trying 
to align was in the synthe¬ 
sizer section of the receiv¬ 
er with a crystal-derived 
known frequency across it 
and within the range of one 
of my other receivers. I 
loosely coupled the antenna 
lead of the receiver to the 
high side of the LC circuit, 
tuned the receiver to the 
correct frequency, and 
found I could easily peak 
the circuit using the S-meter 
on the second receiver. I 
realized that the problem 
was that the probe had far 
too much loading for the cir¬ 
cuit and had detuned the cir¬ 
cuit so much that the adjust¬ 
ment didn't have enough 
range to bring it back in. 

After congratulating 
myself on the speed with 
which I had found the solu¬ 
tion (two hours including 
cursing), I decided what I 
obviously needed was an rf 


probe that would operate 
over the range of frequen¬ 
cies that I normally use, 
have good sensitivity, and 
not load the circuit. It 
seemed that some form of 
impedance transformation 
was required. An emitter fol¬ 
lower wouldn't fill the bill 
because the input imped¬ 
ance is relatively low. Junc¬ 
tion field-effect transistors 
(FETs) have a high input 
impedance and aren't too 
likely to be zapped. How¬ 
ever, when used as a source- 
follower, the output imped¬ 
ance must be kept quite 
high in order to get reason¬ 
able gain. The solution was 
to couple a source-follower 
input stage to an emitter-fol¬ 
lower output stage and end 
up with a circuit that has a 
high-impedance input and a 
low-impedance output. 

If you've read this far, you 
realize that I've reinvented 
the input circuit that is used 
in many frequency counters, 
both commercial and home¬ 
brew. Well, great minds run 
in the same channel, right? I 
found I could get - 5 V from 
my analog meter, so the 


final circuit uses a P-channel 
FET and a PNP transistor; it 
is shown in Fig. 2. If you have 
+ 5 V available, you could 
try substituting a 2N5457 
and a 2N3904 for the transis¬ 
tors I used. It might be wise 
to breadboard the probe if 
you plan to make substitu¬ 
tions, just to make sure ev¬ 
erything works. 

Next comes the problem 
of packaging. If you can find 
some of the subminiature 
.01-uF capacitors that are 
about the size of a 1/4-Watt 
resistor, the unit can be built 
inside a bail-point pen 
(actually it's like building a 
ship in a bottle—you build 
the circuit outside, then 
slide it inside the pen). A pic¬ 
torial diagram of the probe 
is shown in Fig. 3 for those of 
you who want to try this 
method. It is important to 
use plastic transistors with 
one flat side (TO-92) to allow 
room for the component 
leads to pass by the transis¬ 
tors if you build the pen ver¬ 
sion-otherwise nothing is 
critical. Component leads 
for the pen version are just 
laid side by side and sol¬ 
dered with a minimum of 




Fig. 2. Rf probe schematic. 
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Fig. 3. Pictorial diagram. 




solder. Sleeving may be used 
where it's deemed neces¬ 
sary, but after the guts of the 
probe are assembled, the 
leads may be bent so there is 
no danger of them touching. 

Test the probe by apply¬ 
ing a signal to the probe tip 
and reading the output on 
your meter. If the probe 
checks out OK, you can glob 
epoxy on the probe tip, tran¬ 
sistors, and cable and slide it 
into the pen body. I used a 
pin with a shoulder from a 
surplus connector for the 
probe tip. Pull the tip with a 
pair of pliers until the shoul¬ 
der hits the end of the pen. 
Screw the two halves of the 
pen together and quickly 
retest the probe to make 
sure you didn't short any¬ 
thing out assembling the 
probe. Let the epoxy harden. 

The probe will work from 
15 kHz to beyond 30 MHz at 
levels of up to 2-1/2 V with¬ 
out clipping, from a -5-V 
supply, and supplies up to 
-15 V can be used for the 
supply. The input is sensitive 


enough to pick up an rf sig¬ 
nal of about 1 V if the probe 
tip is just placed near the 
insulation of an unshielded 
wire or near a tuned circuit 
carrying the signal. In most 
cases the stray capacitance 
of the probe cable is great 
enough compared to the 
input capacitance so that no 
ground return is necessary. 
The dc output voltage of the 
probe is about 20% lower 
than the rms input, but this is 
generally no problem if you 
are only interested in the rel¬ 
ative value of the signal, i.e., 
peaking a tuned circuit. 
Diode type probes, whether 
they are active like this one 
or passive like the handbook 
version, are quite nonlinear 
on low-level signals, so cali¬ 
bration was considered a 
waste of time. 

Two notes of caution: 
When using the probe, 
remember not to stick it in 
your pocket and walk off 
with it. Also be prepared for 
comments like, "Wot ya gut 
there, an electric pen?"B 


Now you can get in on the fun in packet radio! 



PK1- FCC CERTIFIED—wired and tested in cabinet $209“ 

Amateur Price $189“ 

PK1S- Subassembly board—wired and tested $164“ 

Amateur Price $149“ 

PKDOC-Documentation only—Refundable on first PK1 $ 9“ 
purchase 

Please specify Call Sign, SSID Number, and Node Number when ordering 
Contact GLB tor additional Info and available options. 

We oiler a complete line ol transmitters and receivers strips, preselector 
preamps, CwlD’ers i synthesizers lor amateur S commercial use. 

Request our FREE catalog. MC S Visa welcome. 


OLB ELECTRONICS.INC. 

151 Commerce Pkwy., Buffalo, NY 14224 
716-675-6740 9 to 4 
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Mike Starcher KB4YI 
2707 Gleeson Lane 
leffersontown KY 40299 


It's a Dangerous Obsession 

Crowing up and learning about electronics is like 
driving a car before you can reach the brake pedal. 
KB4Y) tells how he lived through it. 


G rowing up in a small 
town in West Virginia 
was hard, especially for a 
kid like me who was always 
trying to find out what 
made things work. I wasn't 
satisfied with just reading 
or hearing about some¬ 
thing; I had to see for my¬ 
self. This meant tearing 
apart everything I could 
latch onto and drag home. 

The kids my age thought 
I was weird. They were con¬ 
tent with bouncing a bas¬ 
ketball or tossing a baseball 
around all day. As for me, I 
preferred to spend a nice af¬ 
ternoon dissecting an old 
five-tuber on the kitchen 
table. 

Most of the adults 
around me frowned on this 
unusual behavior, too. 
They would say things like, 
"That boy's gonna get 
shocked to death some 
day if he keeps on." 

My mom was always 
warning me about the dan¬ 
gers, too. She was always 
telling me to stay away 
from things like golf balls or 
flashlight cells which were 
full of acid, or vacuum 
tubes which contained 
deadly poison. It seemed 


like all the neat things were 
booby-trapped in one way 
or another to take care of 
any knucklehead who tried 
to pry them open. 

My dad encouraged me, 
though. He would say, "You 
keep on tearing up things, 
boy, and someday you'll 
make good." 

My uncle Howard was un¬ 
derstanding, too. He was the 
town's "trash man," Once a 
week he would bring his big 
truck around to collect the 
garbage. He saved anything 
he thought I would like and 
placed it in a special pile in 
the front of the truck. That 
pile was a gold mine to me. 
Clocks, fans, motors, old ra¬ 
dios, and many other good¬ 
ies were there to greet me 
when he came. I would pack 
it in, tear it apart, and he 
would get most of it back 
the following week. 

I saved a lot of parts back 
then, even though I didn't 
know what they were. Every 
now and then I would get 
some of them out and say, 
"Gee, aren't those neat," 
even though I didn't know 
what I was going to do with 
them. (I still do that today. 


especially when I've just re¬ 
turned from Dayton.) 

I was kind of short in the 
way of tools, having only a 
screwdriver, bicycle pliers, a 
pocketknife, and a big nail 
that I heated on the gas 
stove for soldering. This 
made it rough getting some 
things apart. A lot of the 
stuff was held together with 
Vi-inch hex-head screws. 
The people who made these 
must have known there 
would be someone like me 
gnawing them out with pli¬ 
ers someday. 

My tool arsenal expanded 
greatly when my older 
brother brought me a solder¬ 
ing gun one Christmas. I was 
still pretty young at the 
time, so Mom envisioned 
the house burning down. 
She let me keep it, though, 
after a little nudge from 
Dad. Well, I didn't burn the 
house down, but I did lose a 
few shirts, a pair of pants, 
and a bedspread due to burn 
holes. 

By the time I was nine, I 
had learned enough to think 
I could start fixing things. As 
I soon found out, folks were 


not exactly anxious to let a 
nine-year-old work on their 
radio or television. So, my 
first clients were some 
friends at school. They 
would bring their watches to 
me and I would take out a 
few parts which made the 
hands run around the dial 
real fast. Sometimes their 
parents made them return 
the watch for me to undo. 
Did you ever try to get all 
those gears to go in their 
holes while you put the two 
halves back together? 

Later on in my youth I did 
acquire some friends who 
enjoyed the things I did. 
One such friend and I decid¬ 
ed to build a telegraph sys¬ 
tem from my house to his 
about four blocks away. We 
started by building the send¬ 
ing and receiving apparatus. 
The sending key was easy, 
made from one of the "I's" 
out of a transformer core 
nailed to a block of wood. 
The receiver was another 
story. The only power 
source we had was the wall 
outlet, so we would wind a 
nail with a mile of wire out 
of an old television focus 
coil, plug it in, and when the 
smoke cleared, wind two 
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Copy Worldwide Short-wave Radio 
Signals on Your Computer 


Remember the fun of tuning in all those foreign broad¬ 
cast stations on the short-wave radio? Remember those 
mysterious sounding coded tone signals that baffled 
you? Well, most of those beeps & squeals are really 
digital data transmissions using radioteletype or Morse 
code. The signals are coming in from weather stations, 
news services, ships & ham radio operators all over the 
world. Our short-wave listener cartridge, the “SWL”, 
will bring that data from your radio right to the video 
screen. You’ll see the actual text as it’s being 
sent from those far away transmitters. 


The "SWL” contains the program in ROM 
as well as radio interface circuit to copy 


MICROLOG 

INNOVATORS IN DIGITAL COMMUNICATION 


Morse code and all speeds/shifts of radioteletype. It 
comes with a cable to connect to your radio’s speaker/ 
earphone jack, demo cassette, and an excellent manual 
that contains a wealth of information on how to get the 
most out of short-wave digital DXing, even if you’re 
brand new at it. 

For about the price of another "Pac-Zapper” game, you 
can tie your Commodore 64, 128 or VIC-20 into the 
exciting world of digital communications 
with the Microlog SWL. $64. Postpaid, U.S. 
MICROLOG CORPORATION, 
18713 Mooney Drive, 

Gaithersburg, Maryland 20879. 
Telephone: 301 258-8400. 




miles, and so on. We finally 
settled on a wad of wire 
which lasted about 15 sec¬ 
onds before incinerating. 
We agreed that this would 
work if we learned to send 
code fast enough. 

Next came the running of 
the telegraph line, which 
was the rest of the focus 
coil. We didn't have a tall 
ladder, nor did our 
homemade pole-climbing 
shoes help us when we tried 
to string the wire over the ex¬ 
isting telephone poles. So 
we just threw the roll over 
one pole and then the next. 
This method didn't work, to 
say the least. First the roll 
didn't fare too well because 
we didn't always catch it on 
the other side. Then we ran 
out of wire about a block 
short and gave up. For the 
next few days the neighbors 
complained about the 
"hair" wire someone left 
hanging about neck level 
around there. 

A few months later we 
had perfected the telegraph 
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sets. By using lantern bat¬ 
teries the coil didn't burn up 
anymore, and we had found 
something to use for the 
lines. This something was 
the gas and water lines 
which were right under our 
noses all along. It stood to 
reason that the two were 
metal and they both were 
connected between our 
houses, so the test came one 
night. I had the sending end 
armed with two almost fresh 
6-volt lantern batteries and 
the key connected to the gas 
and water lines, respective¬ 
ly. I got on the phone. 

"Are you ready on your 
end?" 

"All set here." 

"OK, key is down; did you 
get it?" 

"Nothing here." 

I checked connections 
and tried again; still nothing. 
The only thing I could think 
of was that the batteries 
were too weak to go all that 
way. So I went to the next 
most powerful source, the 
good old wall outlet. After 


installing a line cord, I was 
ready for another test. 

"OK, you should get it 
this time." 

I closed the key. .. wham! 
I was sitting in the dark. 
There were only two fuses 
in the whole house. Back to 
the phone. 

"Gee, it acts like a dead 
short!" 

We gave up for lack of 
more fuses and the fact that 
Dad was home at the time. 
Being as smart as I was, it 
didn't take long to figure 
out what went wrong. I sur¬ 
mised that somewhere be¬ 
tween my house and his the 
gas and water lines crossed 
each other and there was 
the short! 

As I became older, I soon 
discovered there really were 
hidden dangers in the things 
I worked on. Like when I 
grabbed hold of my first 
5U4G to unplug it and 
I earned about second-de¬ 
gree burns first-hand! A les¬ 
son was provided when I 
pulled the high-voltage an¬ 


ode lead out of a picture 
tube without first discharg¬ 
ing it. The sharp high-volt¬ 
age cage on which I left 
curly-cues of skin as I got 
away from the picture tube 
was equally terrifying. 

Some of the things I did 
left lasting impressions, 
such as the time I built my 
first power supply, 350 volts 
at 200 mA, and laid my hand 
on the power transformer to 
see how hot it was while 
holding the B+ lead in the 
other hand! For awhile, I 
thought the folks were right 
about getting shocked to 
death! 

Somehow I survived be¬ 
ing a kid. I did a lot of un¬ 
usual things and had a lot of 
fun back then. Now I'm all 
grown up and have two boys 
of my own. And Dad, I 
haven't exactly made good 
yet, but I'll pass the good ad¬ 
vice along to my sons and 
maybe someday when I'm 
left sitting in the dark, I'll re¬ 
member you and the time 
when I was a kid.B 
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David I Nicolaus WB9AOU 
956 N. 200 W. 

Valparaiso IN 46383 


lohn Van Willigan WD9ADZ 
831 Opal Drive 
Valparaiso IN 46383 


Convert and Converse 

Transform your C-64 Basic programs into 
Hamtext-readable sequential files. 


A great many amateurs 
are now finding room in 
their ham shacks for home 
computers. The use of RTTY 
on the ham bands is growing 
by leaps and bounds thanks 
to the many new programs 
now available for these com¬ 
puters. One of the most pop¬ 
ular combinations in this 
area seems to be the Com¬ 
modore 64 and Hamtext™ 
by Kantronics. Which brings 
us to the subject of this 
article. 

Did you know that you 
can use Hamtext to transmit 
programs over the air in 
ASCII? In the ensuing para¬ 
graphs, we will attempt to in¬ 
struct you in our method of 
sending and receiving a usa¬ 
ble program over the air and 
how to convert the resultant 
sequential file back into that 
program again. 

"Convert" was designed 
to be used with Hamtext, a 
Commodore 64, and the 



1541 disk drive. Hamtext 
stores the received program 
in a buffer, which, when 
saved to disk, becomes a se¬ 
quential file. This file, as you 
know, is useless until con¬ 
verted back into a program 
Convert will take this se¬ 
quential file from disk and 
convert it to a usable pro¬ 
gram. For those of you who 
want to get into the meat of 
this program and could care 
less how it works, we will get 
right into the basic instruc¬ 
tions. For those who care, we 
will explain the whys and 
wherefores of the program 
after the instructions. 

Instructions 

Before getting on the air, a 
few preliminaries are in or¬ 
der. You must convert the 
program that you are going 
to send into a sequential file 
and save it to disk. This must 
be done before loading 
Hamtext, While still in Basic, 



load the program to be sent 
into memory as you nor¬ 
mally would do. Then type in 
the following commands in 
the direct mode: 

OPEN 8,8,8,"name,S,W":CMD8:LIST 
then press Return. A se¬ 
quential file will now be 
written to disk with what¬ 
ever name you have chosen. 
When the computer is done 
writing, type CLOSES in the 
direct mode and press Re¬ 
turn. This will close the file 
and stop the disk drive. Now 
you are ready to load and 
run Hamtext. From the 
menu select the T/R options 
and set them as follows: 

A. USOS Off 

B. Diddle Off 

C. Audio Feedback Choice 

D. Auto ID Off 

E. Wraparound Off 

F. Auto CR Off 

G. Auto LF Off 

H. TU Whatever 

This setup is very impor¬ 
tant. Do not forget to set 
your options in this manner 
before you start or you will 
find your program full of 
carriage returns and other 
strange things that do not 
belong there. When the time 
comes to transmit your pro¬ 
gram, have the receiving sta¬ 
tion stand by and return to 
receive mode 

Type the following in the 
transmit buffer (with no 
spaces): 

Control-FD:nameControl-F 


and then press F2 to begin 
your transmission. (The 
name is, of course, the name 
you gave the file when you 
saved it to disk.) After press¬ 
ing FI, your part of the op¬ 
eration is now over. 

If you are the receiving 
station in this operation, you 
should also be sure that your 
T/R options have been set as 
instructed. When the send¬ 
ing station informs you that 
it is ready to send the pro¬ 
gram and stands by for a mo¬ 
ment, you should now press 
F8 and clear your buffer. 
This simple task will save 
you a lot of work later on. 

After receiving the pro¬ 
gram, go to the edit buffer 
mode and delete anything 
not relevant to the program. 
The buffer should start with 
the number of the first line 
of the program and continue 
to the end At the end of the 
last line in the program, you 
should see a reverse M, You 
must add a Control-C after 
the reverse M. This should 
appear on the screen as a re¬ 
verse C. If you didn't clear 
your buffer before you 
started, you know by now 
why you should have! You 
probably have worn out 
your delete key getting rid of 
all the garbage. At this point, 
make sure that no line num¬ 
ber in the object program is 
above 63769 or you will 
cause the Convert program 
to crash. Itstartsatlinenum- 
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ber 63770 and will be over¬ 
written by the object 
program. If this problem 
should occur, you will have 
to delete the offending lines 
and add them later when in 
Basic. This should not be too 
big a problem since line 
numbers seldom run this 
high in a program. If you are 
the transmitting station and 
your program does have 
these high line numbers in it, 
change them now and save 
the other fellow a lot of 
time. 

After editing your buffer, 
save it to disk. Later, when 
you go off the air and return 
to Basic, load and run Con¬ 
vert. You will be prompted 
to enter the name of the file. 
Convert will then go to the 
disk, get the file, and begin 
to create a program from it. 
You will now see each line 
appear on the screen as it is 
entered. This is quite fast, so 
look quick. 

If all goes according to 
plan, you will see a prompt 
informing you that the pro¬ 
gram is now complete. You 
will also be given a line num¬ 
ber to GOTO that will list all 
the line numbers of the Con¬ 
vert program on the screen. 
With the aid of the cursor 
keys, move the cursor to the 
top of the screen and press 
Return on each of these 
numbers. When you reach 
the bottom, you will have 
deleted the Convert pro¬ 
gram from memory. If you 
now run a LIST, you should 
see your new program ready 
to save to disk. As with all 
programs, you should save it 
first before debugging it. 
After all this, who wants to 
lose it now! 

There is a remote chance, 
even after following the in¬ 
structions carefully, that you 
could encounter a few minor 
problems. They could be 
caused by the fact that we 
are not very good at giving 
instructions. (Come to think 
of it, we are not very good at 
taking instructions, either!) 
Or they could be caused by 
the old line-too-long prob¬ 
lem. Sometimes a program 
line can have more than 80 


characters. Any line that is 
over two screens long will 
mess things up. 

How can this happen? 
When originally entered, the 
writer used the Commodore 
shorthand and thus kept 
within the two-line limit. 
Later, when the listing was 
converted to a sequential 
file for transmission, the 
words were extended out 
and over the limit. This 
might be something for the 
transmitting station to look 
for back in step one. Or you, 
as the receiver, while still in 
Hamtext, could look for this 
when editing the buffer be¬ 
fore saving it. If you look for 
it there, you can break the 
line up into two lines. 

If still in Hamtext, you 
won't be able to use the 
shorthand symbols except 
for PRINT. Very often you 
will be able to delete the 
PRINT command and use 
Commodore's shorthand, 
the question mark. This will 
save you four spaces, and 
sometimes that's enough. 

Sometimes you will miss 
these lines and when run¬ 
ning Convert, the program 
runs into them and stops. 
Now what? If line GOTO 
63930 is still on the screen, 
run your cursor up to it and 
press Return. If not, just en¬ 
ter GOTO63930 in the direct 
mode and press Return. 
Things should pick up right 
where they left off. 

Pay particular attention 
and note the next line num¬ 
ber to be entered. When 
done, check the line before 
it. A small part of this line 
will be missing and you will 
have to find out what it is 
and replace it. The only way 
to find out, if you don't 
know, is to load up Hamtext 
and load the file back into 
the buffer. When you find 
the line in question, write 
down the missing informa¬ 
tion and enter it later when 
you return to Basic. 

Whys and Why Nots 

After studying a routine 
for changing sequential files 
to programs using a dataset, 
we determine that this pro¬ 


cedure would not work with 
a disk drive. The dataset rou¬ 
tine simply reads one line of 
the program from the se¬ 
quential file off the tape, 
stops the tape, and then 
prints that line to the screen 
and enters it into the pro¬ 
gram. It then restarts the 
tape, which is in position to 
read the next line, and exe¬ 
cutes the same thing over 
and over until the end of the 
file. 

The problem with a disk 
drive is that when you break 
the program to enter a line, 
the act of entering a line re¬ 
sets all variables and the 
disk returns to the start of 
the file. Thus we would just 
enter the first line of the pro¬ 
gram over and over. 

We can't count the num¬ 
ber of lines into the program 
because of the variable re¬ 
set. Also, reading the pro¬ 
gram from the beginning 
after each line would be 
very time consuming. Con¬ 
vert starts by opening the 
file on the disk, reading it 
one bit at a time, and POKE- 
ing its ASCII value into high 
memory (49152) where it is a 
little more accessible and 
workable than on the disk. 
Each ASCII value is tested 
for a three, which is the Con- 
trol-C (indicating the end of 
the file), that we entered 
back in Hamtext. 

It should be mentioned at 
this point that POKEing the 
file into high memory, start¬ 
ing at 49152, limits you to 
programs of 4K or less. This 
equates to 16 blocks on a 
1541 disk drive. Longer pro¬ 
grams can be entered by 
breaking them into two or 
more parts and saving them 
to disk under different 
names. Then, using the com¬ 
bine feature of the COPY 
command found in your 
1541 user's manual, you can 
combine them into one pro¬ 
gram. 

After POKEing the se¬ 
quential file into high mem¬ 
ory, it is read and printed 
back to the screen one char¬ 
acter at a time. While doing 
this. Convert is testing each 
character, looking for flags. 


The first is a 13, the Return 
command, indicating the 
end of a program line. The 
second is a three, the Con- 
trol-C we affixed at the end 
of the file to signal the end 
of the program. 

When a Return is encoun¬ 
tered, we GOTO line 63800. 
This starts a subroutine that 
disassembles the variable C 
and stores it in low memory. 
C is the address of where we 
are in the sequential file that 
is stored in high memory. 
Moving right along to line 
63990, we POKE four Return 
commands into the key¬ 
board buffer (memory loca¬ 
tions 631 to 634) and POK E a 
four into memory address 
198 to tell the computer 
they are there. Then, before 
ending the program, we 
print a GOTO 63930 com¬ 
mand below the program 
line we have just printed on 
the screen. We then end the 
program with a cursor 
HOME command. 

Now the program has sup¬ 
posedly ended and the cur¬ 
sor is positioned at the top 
left of the screen just above 
the program line that is to be 
entered. But wait, what's 
this? The keyboard buffer 
still has four commands 
waiting to be executed! 

The first Return places 
the cursor on the program 
line and the next causes that 
line to be entered into mem¬ 
ory. The third Return exe¬ 
cutes the direct GOTO 
command which was left on 
the screen by the print por¬ 
tion of line 63990, This then 
puts us back into the pro¬ 
gram in line 63930, clears 
the screen, and we are off 
and running again. 

In line 63940 we go to sub¬ 
routine 63840. This routine 
PEEKs the low memory 
where we stored the value of 
C and reestablishes the ad¬ 
dress of where we are in the 
sequential file. This loop will 
continue in this manner un¬ 
til an ASCII 3 is encoun¬ 
tered. The Control-C or 
ASCII 3 flags the end of the 
program. But wait! What 
happened to the fourth Re¬ 
turn that was POKEd into 
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the keyboard buffer? Noth¬ 
ing. It was only put in as an 
extra to ensure that the cur¬ 
sor reached the direct 
GOTO command. 

A prompt on the screen 
now tells you to GOTO 
63790 if you wish to destroy 
the Convert part of the pro¬ 
gram. Going to 63790 causes 
the program to list all the 
line numbers on the screen. 
It is now a simple matter to 
press the Return key on each 
of the numbers and remove 
the lines from memory. 


Some of the commands in 
Commodore's Basic are not 
retransmitted by Hamtext. 
This includes most of the 
graphics and the CLR com¬ 
mand. These inconveniences 
will have to be dealt with in¬ 
dividually. The CLR com¬ 
mand will come through as a 
HOME command. Usually, 
witha littlescrutinizingof the 
program, you can decide 
which it should be. 


watch tor are cursor up, 
down, left, and right. Ham- 
text will ignore these and 
leave them out of the trans¬ 
mission. The best way we 
have found to get around 
this problem is to replace all 
the symbols in the program 
with bracketed commands 
such as <CLR> for clear 
screen or <CUR/UP> for 
the cursor up token. Then 
save the program to disk as a 
sequential file to be trans¬ 
mitted later. If you take a lit¬ 
tle time to prepare yourfiles 
in this manner, the person re¬ 
ceiving it on the other end 
will then be aware of what 
the command should be and 
can correct it in his final pro¬ 
gram. 

This system has been 
working well for us. It does 
require a little setup time on 
your end, but we think you 
will be pleased with the re¬ 
sults. it won't be long before 
you have several disks full 
of sequential file programs 
ready to transmit to other 


AMATEUR TELEVISION 


NEW 70 CM ATV TRANSCEIVER 

ALL YOU NEED IN ONE BOX 


$299 delivered 
TC70-1 


fWE5TEEH electronTTT) 

“HELLO, ELMER?” 


Ever notice that while many amateur 
stores are anxious to quote you a low 
price, it’s hard to get someone to offer 
an opinion? After all, what good is a 
great deal on the WRONG rig? 

At WESTECH, all our sales people are 
experienced, licensed radio amateurs. 
We take the time with you to discuss 
YOUR needs, based on how YOU. oper¬ 
ate. We’ll discuss the pro’s and con’s 
of the equipment you are thinking 
about, and even suggest alternatives. 

W 


“ LEX XHE HAMS AX WESXECH 


(818) 447-4565 m-f 8am-6pm pst. 

P.C. ELECTRONICS 2522 Paxson Lane 
Tom W60RG Maryann WB6YSS Arcadia CA 91006 


WESTECH ELECTRONICS 
RTE 286—Presque Isle Plaza 
Pittsburgh, PA 15239 

(412)733-1555 3S Si 
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ONTESTS 


Robert Baker WB2GFE 
15 Windsor Dr. 

Atco NJ 08004 


Starts: 2100 UTC November 2 
Ends: 0300 UTC November 3 
PHONE 

Starts: 2100 UTC November 16 
Ends: 0300 UTC November 17 


one calisign^ts assigned by FCC/DOC) 


EXCHANGE: 

Consecutive serial number, precedence 
(A if you run 150-Watt output or less, B If 
more than 150 Watts), your callsign, check 
(last two digits of the year you were first 
licensed), and your ARRL section. 


CALENDAR 

Nov 2-3 ARRL Sweepstakes—CW 

Nov 2-3 ARRL EME Competition—Part 1 

Nov 2-3 IPA Contest 

Nov 9-10 Delaware QSO Party 

Nov 9-11 CO WE Contest 

Nov 10 International OK DX Contest 

Nov 18-17 VK Versus Tha World CW QRP Contest 

Nov 18-17 ARRL Sweepstakes—Phone 

NOV 23-24 ARRL EME Competition-Part 2 

Dec 7-8 ARRL 180-Meter Contest 

Dec 14-15 ARRL 10-Meter Contest 

Dec 28-Jan 1 QRP Winter Sports-CW 

Jan 11 73 40-Meter World SSB Championship 

Jan 11-12 Hunting Llona In The Air Contest 

Jan 12 73 75-Meter World SSB Championship 

Jan 18-19 73 180-Meter World SSB Championship 

Jan 25 73 15-Meter World SSB Championship 

Jan 28 73 20-Meter World SSB Championship 


way QSO. Multipliers are each ARRL sec¬ 
tion plus VE8/VY1 {74 maximum). KP4, 
KV4/KP2, and KG4 stations are In the West 
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(52), KA1GG (52), VE3MFP (52), WB7APW (52), WD5GSL (52). KB0C/9 (51), AE5H 
(51), W4TMR (51), W2ZQ (51), W9UCW (50), K1KJT (50), and KQ1F (50). 

Stations with 30 or more DX countries include: DJ3HJ (84), I4KDJ (65), I4AVG (48), 
KE5CV (47), K4XS (38), N6YK (38), WA4JXI (32), KE5IV (30), and K3WGR/VP2 (30). 
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N4DDS N4DDS, N4DRL, KA5TAG, WB9TKS, KA8GAF, WA4VTZ 

N4FKF N4FKF, KA90RN 

WA4JXI WA4JXI, WA4SV0, K800 

WD5GSL, WD5GSL, WB0TEV, WD5ABC 

K5LZ0 K5LZ0, KA5SBS 

WA6HRH KG6JC. KG6JE, N6KUY 

WA6PVA WA6PVA, NI7T, N7PG0 


DELAWARE QSO PARTY 
Starts: 1700 UTC November 9 
Ends: 2300 UTC November 10 


CQ WE CONTEST 
1900 UTC November 9 
o 0500 UTC November 11 


INTERNATIONAL 
OK DX CONTEST 
Starts: 0000 UTC November 10 
Ends: 2400 UTC November 10 


THF. CHATTERING RELAY 


NEWSLETTER OF THE MONTH 
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1 0600 

2 0500 

3 0500 

4 0400 

5 0400 

6 0300 

7 0200 

8 0200 

9 OlOO 


235 O 
229 2 

221 9 

215 1 1 

206 16 
195 20 

189 19 

177 20 


229 4 

221 11 
215 12 

205 17 

199 17 

188 20 
176 21 

170 19 

159 17 


2200 

2200 

2100 

0700 

0600 

0600 


66 

55 

50 

40 

36 

28 


233 

227 

219 

204 

193 


14 

15 
18 


227 

219 

213 

203 

193 

186 

175 


207 ia 
196 22 

189 21 

177 23 

171 20 

160 19 

149 16 

144 11 

135 6 

127 O 


228 4 

220 IO 
214 12 

204 17 

194 20 

187 20 

176 21 

164 20 

159 17 

148 13 


27 

27 

28 

29 

30 


OOOO 

2300 

2200 

2200 


82 20 
71 20 

65 17 

54 15 

49 11 


64 

53 

48 

39 

35 


139 8 

130 3 


ELEMENT 3 
MATCHING 



5) Nichrome E) 28 

6) Nickel F) 55 

7) Chromium G) 16 

8) Silver H) 2 

9) Tin 1)13 

10) Molybdenum J) 59 







11-100 points—You love % 


||AM HELP 


Type 310 Tektronix 
Qladly pay all costs 


Overiand Part KS 66212 
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The BalleyTech Opll-Phasor. 



MIDLAND 

DESKTOP REPEATER 
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73 International 


Each month, 73 brings you 
ham-radio news from around the 
world. In this collection ot re¬ 
ports trom our foreign correspon¬ 
dents, we present the latest 
news in DX, contests, and events, 
as well as keep you abreast of 
the technical achievements ot 
hams In other countries. 

It you would like to contribute 
to your country's column, write 
to your country's correspondent 
or to 73 Magazine, Pine Street, 
Peterborough NH 03458, USA, 
Attn: Perry Donham KWIO. 




space in actty building, Astral Towers.There, 
it set up the HO office under General Secre¬ 
tary Neville CopelandZL2AKV. 

In the ensuing years, the operations of 
NZART HO have outgrown theoriginal office 


A full license is not avaiiable to anyone under 



INDIA 

Miss ft Subha 
3, Thiru- Vi-Ka Rosd 
Post Box 725 


The 6th All India Amateur 
Radio Convention (as f write this) is sched¬ 
uled for the 24th and 25th of August. 1985, at 
Madras, the third largest city in India. It prom- 


creased space on the sixth floor, aln 
bling our HQ floor space to 768 square feet 
The offer included (at the owner's expense) 
ctive new entry to the 
lift lobby and the pro- 


Relocation took place in February/March, 
1965, with the General Secretary and a team 
of Upper Hutt amateurs doing the necessary 
stripping down, shifting of office furniture, re¬ 
erecting of shefves, and relocation of stock 



at the US Naval Base in 
Guantanamo Bay. Cuba 
The population of the naval base is cur- 


e everything from N 


topics such as the QSL Burt 
licensing system. 

In a high-tech contrast to th 


cense-it now will cost NZ$20.0Q(appro>. 
US$40). The Amateur Operators Certificate 
Examinations will be NZ$15.00 and th 
Morse Operating Test only, NZ$7,00. 












































































































































































































































B&W, Cushcraft, Encomm, Hy-Gain, 
Hustler, ICOM, Kenwood. KLM, Ur- 


DK, Kenwood, AEA, 

i Delaware. One mile 
Amateur Supply, 71 
w Castle DE 19720, 


Monday through Thursday, and 10-5 

tronics, 8 Londonderry Road, Derry NH 
03038; 434-5371. 



G = Good, F = Fair, P = Poor. 


DEALERS 

>ur company name and message can 
ntain up to 25 words for as little as $150 
arly (prepaid), or $15 per month (pre¬ 
lid quarterly). No mention of mad¬ 
der business or area code permitted, 
irectory text and payment must reach us 
i days in advance of publication. For ex- 
nple, advertising for the February '86 
;ue must be in our hands by December 
t. Mail to 73 Magazine, Peterborough 
fi 03458. ATTN: Nancy Ciampa. 
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On the Coven 

Our holiday "construction 
project" was designed by 
Dianne Rllson and Sue Hays. 
Parts placement diagram 
by Techart Associates. 
Amherst NH. 


18 FM Your IC-730 

Put the icing on your ICOM—and discover why the lOm-FM 
craze is sweeping the nation! .N9DBX 

26 Join the SWOT Team! 

2m FM is fun. but using a repeater won't challenge your skill. 
Turn the switch to SSB and find out what ham radio is really 
about! . KA3B 


4 What? 

7 QRX—Greatest Year? 

55 Barter 'IN' Buy 

56 1985 Index 

59 Special Events 

60 Contests 

64 Above and Beyond 
66 Dealer Directory 
66 Corrections 
67, 92 Han. Help 
68 RTTY Loop 

68 Letters 

69 Review 

72 New Products 
76 Fnn! 

76 Be My Guest 
78 Satellites 
86 73 International 
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94 Propagation 

95 List of Advertisers 


38 One-Chip Facsimile 

We all talk about the weather; now you can see it on your 
Atari. You'll be amazed at how simple it is.WB8TPD 

42 NOAA’s 2m UFO 

Your weather radio is a great signal source on 145.8 MHz. 
K9POX explains why.K9POX 

44 Secrets of Cellular Radio 

Take a guided tour behind the scenes of our newest repeater 
technology. N1BLH 

50 The Santee Spectacular 

Is your Santee becoming forgetful? Are its batteries going soft? 


No more! Here are two quick mods that bring your hand-held 
to within an inch of perfection.W2IVS 

52 Saga of the Willie Wand 

W5RRH learned a new technique while building this 6-element 
2m beam. It's called cut and try and try and try. ... W5RRH 
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Earthquake 


MEXICO CITY was shaken to its knees on 
the morning of September 20, 1985, when 
a savage earthquake struck near the resort 
city of Acapulco. The quake, measuring 7.8 
on the Richter scale (followed by an after¬ 
shock measuring 7.5), was the worst in 
Mexican history. For nearly a week the only 
communication in or out of the country 
was supplied by ham-radio operators. Al¬ 
most immediately, an emergency network 
sprung up on 20 meters, using five chan¬ 
nels for incoming traffic and one channel 
for outgoing messages, including regular 
news bulletins. Although the US State De¬ 
partment set up a hotline for concerned 
relatives, it was quickly overloaded and in¬ 
effectual. Health-and-welfare messages 
were forwarded either via the National 
Traffic System or through Independent 
clearinghouse nets to Mexico. Hams In 
Mexico would attempt to locate persons 
over the telephone (when it was working) 
or through word of mouth. At the peak of 
the disaster, it took an amazing three days 
to get word out of the stricken area. 

Probably the most significant effect of 
the earthquake has been the changed re¬ 
lationship between commercial broadcast 
stations and ham radio. It was readily 
apparent that all of the major networks 
were using ham stations for news gather¬ 
ing. In an interview with Fred Maia W5YI, 
Roy Neal K6DUE of NBC News stressed 
that using amateurs for commercial mes¬ 
sage handling was "condoned because 
there [were] no commercial facilities avail¬ 
able. The criterion is 'no commercial facil¬ 
ities available.' " The problem stems from 
a recent FCC decision which states that in 
certain cases commercial stations may 
use hams for news gathering. The Radio 
and Television News Directors Associa¬ 
tion (RTNDA) interpreted this action in a 
rather liberal way, taking advantage of a 
clause which provides for a "common 
sense" approach to Its use. What's worse, 
each network has come up with its own 
way of looking at the rule. The result is a 
mishmash of conflicting actions and con¬ 
fusion among ham-radio operators. In a 
telephone Interview with 73 Associate Bill 
Pasternak WA6ITF, FCC Private Radio Bu¬ 
reau Chief John Johnston W3BE claimed 
that all of the media-related ham activity 
was illegal. Another FCC staffer said, how¬ 
ever. that no measures would be taken 
against the networks unless a formal com¬ 
plaint was filed with the FCC enforcement 
branch. Gordon West WB6NOA noted that 
newsmen were using amateur radio for 
setting up logistics and discussing union 
pay scales for their crews while refusing to 


handle health-and-welfare traffic into the 
area. Clearly there is a serious problem 
here. Have the broadcasters gone too far? 
Or was there a justifiable need for the use 
of ham radio to conduct their business? 
Apparently it depends on whom you ask. 

Commercialism 


IN A RELATED STORY, the FCC has re¬ 
leased PRB-2, in which Lee Shoblom 
K6ADA. President and General Manager of 
London Bridge Broadcasting, Inc., has 
asked for direct access to a portion of the 
435-MHz band for "noncommercial” news 
gathering. Shoblom has requested a 
waiver of the amateur rules to allow him to 
use fast-scan television on 435 MHz to 
feed news of community interest to his 
low-power television station for rebroad¬ 
cast. The television station has a range of 
about 10 miles. The main reason for the re¬ 
quest is that the cost of microwave relay 
equipment is too high—and amateur gear 
is so inexpensive. Incredibly, about 40 
hams in the area fully support the idea! 
ARRL Executive Vice-President Dave Sum¬ 
ner K1ZZ, when notified of the petition, 
said the matter must be taken under con¬ 
sideration before an official League posi¬ 
tion could be taken. We here at 73 need no 
“consideration period"—we are dead set 
against any commercial use of amateur ra¬ 
dio, at any time, for any reason. 

Oh No y Mr, Bill! 


CALIFORNIA SENATE BILL 1431 was de¬ 
feated in a rather unorthodox manner. 
Sponsored by Senator Herschel Rosen¬ 
thal, Bill 1431 would have made it a crimi¬ 
nal offense to own, purchase, or listen to 
any form of radio capable of monitoring 
the 800-MHz cellular-radio band. Joe Merd- 
ler N6AHU met with Senator Rosenthal to 
explain his fear that law-enforcement offi¬ 
cers unfamiliar with radio equipment 
would not be able to tell the difference be¬ 
tween legal amateur gear and illegal scan¬ 
ners. To prove his point, Merdler produced 
a Yaesu FT-709 and a similar-looking Re¬ 
gency scanner on the table and asked the 
Senator to pick the ■■illegal” unit. He 
couldn't. Merdler emphasized that more 
harm than good would be done by this law 
in the hands of untrained enforcement of¬ 
ficers. Senator Rosenthal told Merdler that 
the bill was not meant to encroach on the 
rights of ham operators, and that he had 
the utmost respect for amateurs. As a re¬ 
sult, what could have been a disaster to 
hams in California and a dangerous prec¬ 


edent for the rest of the states was 
averted. 


Fire Friends 


LOS ANGELES POLICE AND FIRE officials 
have gone on record as desiring greater 
access to amateur radio during times of 
emergency. The recent Baldwin Hills brush 
fires graphically demonstrated that ham 
radio could play a key role in the preserva¬ 
tion of life and property. In the Baldwin 
Hills incident, the Fire Department found 
that they had no way of telling what was 
happening on the other side of the hill 
from where they were fighting a blaze. Am¬ 
ateur radio, with its trained corps of skilled 
communicators, gave the department the 
eyes and ears they desperately needed. 


Academy Hams 


NINE HAMS from Los Angeles television 
station KTTV were recently commended by 
the National Academy of Television Arts 
and Sciences (the Emmy people). For their 
role in KTTV's "10 O'clock News." which 
won four Emmys, a Certificate of Com¬ 
mendation was presented to Engineers 
Tim Gaskins KA6INW, Mert Garllck 
N6AWE, Dave Hallmark N6DKI, Bert Hicks 
WB6MQV, Don Halloway WB7ADU, How¬ 
ard Lang WA6UFM, Bill Pasternak WA6ITF, 
Charles Rozner WB6SKM, and the sta¬ 
tion's Technical Operations Supervisor, 
Robert S. Sudock WB6FDF. KTTV won Em¬ 
mys for Best Independent News Program, 
Best Independent Mini-Documentary Se¬ 
ries, and Best Spot Coverage of a Same- 
Day Breaking Story. 

FAR Out 


THE FOUNDATION FOR AMATEUR RADIO 
has announced the winners of this year's 
FAR scholarships: the John W. Gore Me¬ 
morial Scholarship ($900) to James H. 
Baker KI4YN; the Richard G. Chichester 
Memorial Scholarship ($900) to Eugene S. 
Reilly KA8JIG; the Edwin S. VanDusen 
Memorial Scholarship ($350) to Richard K. 
Soper KA2IKV; the QCWA Memorial Schol- 
arships ($600) to Frances P. Horan 
KA3CJR, Hai T Nguyen KA0ALZ, Carl H. 
Puckett KA7BWC, John E. Schnupp 
N3CNL, David J. Schmocker KJ9I, and 
John G. Sullivan N2DYC; the QCWA Robert 
S. Cresap Memorial Scholarship ($500) to 
Douglas Swiatlowski KA2KMT; the Radio 
Club of America Scholarship ($500) to 
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James W. Healy NJ2L; the L.R.L. Scholar¬ 
ship ($500) to Diane E. Willemin N8CAY; 
the A.R.N.S. Scholarship ($500) to Michael 
Krensavage KA3CUP; the Columbia MD 
ARA Scholarship ($650) to Christine L. 
Gray KA3NAK; the Baltimore MD Scholar¬ 
ship ($500) to Eric J. Smith KA3KJO; the 
Dade Radio Tropical Hamboree Scholar¬ 
ships ($500) to Christopher A. Atkins 
KA2QWC and David R. German N4FAD; the 
Lewis W Wilkinson Memorial Scholarship 
($500) to Wayne F. Poole KC4XL. You can 
get information about next year's scholar¬ 
ships by contacting the Foundation for 
Amateur Radio, 6903 Rhode Island Ave¬ 
nue, College Park MD 20740. 

1985 


A PREDICTION: 1985 will go down in ham 
history as the greatest year ever for ama¬ 
teur radio. Not since incentive licensing 
was implemented have so many regulatory 
changes been made to the Service. 1985 
also saw the opening of new bands, the 
emergence of new modes, and the birth of 
a new DXCC country. This month we'll look 
back at the events of 1985 that will shape 
the future of ham radio in years to come 

• PRB-1—In October the FCC ruled in fa¬ 
vor of amateur radio in the matter of re¬ 
strictive antenna ordinances by passing 
PRB-1. In response to a petition filed in 
July of 1984, the Commission affirmed Its 
commitment to ham radio and issued a 
declaratory ruling preempting all local reg¬ 
ulations which preclude or significantly in¬ 
hibit amateur communications. Specifi¬ 
cally, the Order stated that such regula¬ 
tions are “in direct conflict with federal 
objectives and must be preempted.” 

• Novice Enhancement — Probably the 
most significant proposal to change the 
Amateur Service came mid-year when the 
American Radio Relay League submitted a 
petition aimed at increasing the privileges 
of Novice licensees. Designated RM-5038. 
the plan called for an expansion of the 
Novice ten-meter allocation to include CW, 
SSB. and data from 28.1 to 28.5 MHz. On 
220 and 1296 MHz, Novices would use all 
emissions with a power limit of 25 and 5 
Watts, respectively. The Element 2 exami¬ 
nation would be increased from 20 to 30 
questions to reflect the new privileges. Ac¬ 
tion is expected on RM-5038 early In 1986. 

• WARC Bands—Twelve meters became 
an amateur band this year. 24.890-24.990 
was opened to hams earlier than expected 
on a secondary, non-interference basis. 
The first day on the new band became a 
frenzy of state-working, as many stations 
garnered WAS-12 Meters in just a few 
days! Things are a bit quieter now, but the 
activity level is still substantial. In the 
same Order, the Commission made the 10- 
MHz WARC allocation a permanent ama¬ 
teur band. 


• Don’t Be A Problem—Speaking at the 
1985 Dayton Hamvention, FCC Commis¬ 
sioner Ray Kowalski cautioned amateurs 
not to bother the government with all of 
their petty problems. He pointed out that 
hams use valuable spectrum, and that the 
pressures from commercial radio users for 
that spectrum had become greater than 
ever. Kowaiski reminded those in atten¬ 
dance that the easiest way for the FCC to 
deal with a "problem Service” would be to 
simply eliminate that Service. 

• Spread-Spectrum—Amateur radio's 
newest mode Is spread-spectrum. While 
the Commission approved its use on 420 
MHz and above, a one-year moratorium 
was placed on spread-spectrum use so 
that adequate time would be available for 
the development of amateur standards. 
Several stations. In conjunction with the 
Amateur Radio Research and Develop¬ 
ment Corporation (AMRAD), are experi¬ 
menting with various systems under an 
STA. 

• 160 Meters—June was a busy month for 
the Commissioners. Apparently approving 
the new WARC band put them in a good 
mood, and they began to look for other 
things to approve. Docket 84-874 hap¬ 
pened to be on top of a desk, so hams can 
now use RTTY, FAX, and SSTV on 160 me¬ 
ters. The FCC felt that the limit imposed to 
protect the LORAN-A radionavigation sys¬ 
tem was no longer necessary. 

• ZC4 Cyprus—Early In the year the ARRL 
approved ZC4, British Sovereign Bases on 
Cyprus, as a separate DXCC country, 
nearly 25 years after a treaty establishing 
the Republic of Cyprus. Contacts with ZC4 



It took months to train her but it sure 
solved the bird problem! 


made after August 16. 1960, will be ac¬ 
cepted for the new country, but only If 
proof can be made that the ZC4 station 
was actually on a Sovereign Base (not all 

• Turkey— Amateur radio in Turkey took 
off when the Turkish parliament passed a 
bill allowing hams back on the air for the 
first time in many years. Four hams came 
up on 15 and 20 meters almost immedi¬ 
ately, and license exams are being given 
regularly. 

• KL7 Pribilot— The ARRL Awards Com¬ 
mittee overturned the DX Advisory Com¬ 
mittee's recommendation to add the 
Pribilof Islands to the DXCC list, it was the 
culmination of a ten-year effort to get the 
Islands onto the list. 

• Clipperton—The biggest DXpedition of 
1985 had to be FO0XX Clipperton Island. 
Primarily supported by the Northern Cali¬ 
fornia DX Foundation, the six-day opera¬ 
tions netted over 30,000 contacts on 160- 
ID meters and nearly 100 satellite OSOs. 
The expedition cost about $60,000. 

• 73 Magazine— The October, 1985, issue 
of 73 marked our Silver Anniversary. The 
event was highlighted by the Silver Eagle 
Awards, a special "thank you" to the 25 
people who most helped 73 in the past 25 
years. Each award winner received a 
chrome-plated Astatic Silver Eagle micro¬ 
phone and our undying gratitude. Also. 52 
readers (50 states, one DX. and one Dis¬ 
trict of Columbia) were selected at random 
to receive copies of the 1986 Callbook set. 
Here’s to another 25 years! 

• Dick Bash—The publisher of The Final 
Exam series of study guides closed the 
doors on his business this year. His study 
guides were infamous in the ham commu¬ 
nity for containing verbatim questions and 
answers from the FCC amateur license 
tests. Once the VEC program got under 
steam and all of the questions were re¬ 
leased to the public domain, Dick had 
nothing to sell. 

Auld Lang Syne 


YEAR’S END is a good time to thank all of 
the people who have contributed to "QRX" 
during the past twelve months. These folks 
volunteer their time and skills to keep you 
informed about your hobby: Bill Pasternak 
WA6ITF and the Westlink crew, Fred Maia 
W5YI of The W5YI Report, Paul Courson 
WA3VJB and the entire staff of the ARRL 
(Including Gateway and the ARRL Letter), 
Gus Browning and his DX'ers Magazine, 
Vern Riportella WA2LQQ and AMSAT. and 
hundreds of hams who have phoned, sent 
letters, and called the 73 computer with 
their tales of hamdom. You all are much 
appreciated. 
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FM Your IC-730 

Put the icing on your I COM — and discover why 
the Wm-FM craze is sweeping the nation! 


Sergio Cesar N9DBX 
5 201 Toll view Drive 
Rolling Meadows IL 60008 



Fig. I. Detector unit. 
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F or many hams, the 
ICOM IC-730, by virtue 
of its compact size, light 
weight, and many built-in 
features, is perhaps the ideal 
HF rig for both mobile and 
base operation on today's 
crowded bands. One desir¬ 
able feature, however, is 
missing—10-meter FM ca¬ 
pability. 

A simple FM modulator- 
detector board can be 
added to the IC-730 for un¬ 


der $30.00 with no modifi¬ 
cation whatsoever to the rig. 
When you are through, you 
will have an 80-Watt FM 
transceiver with dual-vfo ca¬ 
pabilities, allowing duplex 
operation for 10-meter FM 
repeaters and switchable to 
simplex on any frequency at 
the push of a button. The cir¬ 
cuit described below also in¬ 
cludes an option which 
allows you to maintain the 
AM operation, if so desired. 



Photo A. Modifications to the detector unit. 






Photo B. Mode switch with AM 8-V wire connected. 


Photo C. RIT board. Arrow shows where RFC 8-V wire 
should be connected. Between the two capacitors, green 
wire SQ is soldered to the board. 


This module can be installed 
in most HF rigs and Citizens 
Band radios with excellent 
results. 

The Circuit 

The FM detector uses a 
Motorola quadrature detec¬ 
tor, an RCA limiting ampli¬ 


fier, and one transistor as 
active devices. To receive 
the FM carrier, an MC3359P 
high-gain, low-power FM i-f 
chip was used. This chip was 
chosen because it was de¬ 
signed for narrowband FM 
communication and data 
link and uses a 455-kHz i-f. 


the same i-f as the 730. It 
also has a squelch built in so 
that no added circuitry is 
necessary. 

The 455-kHz i-f from the 
IC-730 is fed through a ce¬ 
ramic filter 5 kHz or 7.5 kHz 


wide directly into pin 5 of 
the 6-stage, limiting i-f (IC1). 
The 7.5 kHz is recom¬ 
mended for better received- 
signal fidelity. The i-f has a 3- 
dB limiting sensitivity of ap¬ 
proximately 100 microvolts. 





<)-•■ <B> 







Fig. 2. Mai 
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Photo D. Cable routing to converter board. 


The output of the limiter is 
internally connected to the 
quadrature detector; only a 
parallel I.C network is 
needed externally to com¬ 
plete the circuit. The detec¬ 
tor output is amplified and 
buffered to the audio output 
(pin 10), which has an imped¬ 
ance of approximately 300 
Ohms. The value of the ca¬ 
pacitor off pin 9 controls the 
amount of de-emphasis. 

Squelch 

A simple inverting op amp 
is provided in this chip with 
an output at pin 13. A filter 
was made with external 
impedance elements to dis¬ 
criminate between approxi¬ 


mately 7.5 kHz and 8.5 kHz. 
An external AM detector 
was used to check the pres¬ 
ence of noise above the nor¬ 
mal audio, at which point 
pin 16 shorts to ground the 
input to the audio amplifier 
(squelch closed). In the pres¬ 
ence of a carrier, the noise 
level drops sharply, causing 
the detected AM into pin 14 
also to drop, and the 
squelch will open Carrier 
levels as low as ,01 micro¬ 
volts at the antenna input of 
the IC-730 will open the 
squelch For a squelch con¬ 
trol, the RIT potentiometer 
of the rig was utilized. RIT 
operation is not affected in 
the SSB and CW modes. 



Fig. 3. RIT. 


Power-Supply Switch 

The only transistor used in 
the power-supply circuit is 
to switch the voltage to the 
modulator chip, SK3223 
(IC2). Voltage to power the 
FM board is taken from the 
730's AM circuit (AM 8 V). A 
5.6-V zener is used to keep 
power to the MC3359P con¬ 
stant and in its operating 
range. Another voltage sig¬ 
nal (REC 8 V) is used to 
switch Q1 off during receive 
so that any extraneous noise 
in the shack or mobile will 
not modulate the vco. 

Modulator 

To modulate the IC-730, 
an RCA SK3223 TV/FM 
sound i-f limiting amplifier is 
used. Its input from the mi¬ 
crophone (pin 6) is ampli¬ 
fied, filtered, and fed into 
the IC-730 vco Due to the 
IC's limiting capabilities, it is 
not necessary to make a 
mike gain control, but a de¬ 
viation control is added to 
its output, pin 3 A .01-micro¬ 
farad coupling capacitor 
(Cl 7) was used to connect 
the modulator to the vco. 
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Fig. 4. Mode switch. 


The quality of this capacitor, 
which is also the preem¬ 
phasis capacitor, will affect 
the modulation quality. (In¬ 
creasing its value will pro¬ 
duce more bass in the audio; 
decreasing its value makes 
the audio sound tinny.) An rf 
choke is added so that rf 
from the vco will not be fed 
back into the SK3223. 

The Modification 

After the board is com¬ 
pleted, it is a good idea to 
pretest it to make sure it is 
working properly. Apply 8 V 
to the board (a 9-V alkaline 
battery will do). Connect an 
oscilloscope to the output 
of the modulator on the 
$SF2 + $SF1 side of C8. (If no 
oscilloscope is available, 
use a small speaker or ear¬ 
phones for adjustment by 
ear.) Inject a small 1-kHz 
sine-wave signal to the input 
and check the modulator for 
distortions or any malfunc¬ 
tions. 

Connect a dc-coupled os¬ 
cilloscope or a VTVM to the 
output of the MC3359P at 
pin 10 and check for approx¬ 
imately 2.5 V dc A 5-V-dc 
reading will indicate that os¬ 
cillation is occurring in the 
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Fig. 5. PLL unit. 











Photo £. Connection to mike gain control. 


circuit If this occurs, it is 
due to lack of shielding on 
the input side of the chip. It 
is very important that the 
0.1-uF capacitor at pin 6 and 
7 be installed as close as pos¬ 
sible to the chip. 

A ground plane should be 
provided on that side of the 
chip, pin 1 through pin 9. A 
bypass capacitor (C7) can be 
installed directly across pin 
17 (ground) and pin 7, on the 
foil side of the board 

If an FM signal generator 
is available, inject a 455-kHz 
signal to the input of the 
455-kHz ceramic filter 
through the 470-Ohm resis¬ 
tor (R15), modulate the gen¬ 
erator with a 1-kHz signal, 
and you should see a clean 
1-kHz at pin 10. If such a 
generator is not available, 
make sure there is no dc at 
the i-f input side of the filter. 

Installation and Calibration 

Remove all power and ca¬ 
bles to the unit Put a towel 
on the bench so you don't 
scratch the cabinet With 
the operating manual in 
hand, familiarize yourself 


with the layout of the unit. 
Open it, removing top and 
bottom covers (don't lose 
the screws). Find and iden¬ 
tify the main unit (top view), 
manual page 23, Fig. 7-1, rf 
unit (left side of the rig), 
page 23, Fig. 7-2, and PLL 
unit (bottom view), page 24, 
Fig. 7-3. 

1) Install a 150k from D6 
cathode to D5 cathode 
(Photo A). 

la) Install a 10k resistor 
from D6 cathode to R20(Fig, 

1). 

lb) A relay or switch can 
be installed to open this re¬ 
sistor for AM operations 

2) Solder cable from au¬ 
dio output of MC3359P to 
pin 3 of IC1 (Fig. 1). 

3) Solder cable (i-f signal 
to MC3359P) center to R17 
or D5 anode and shield to L3 
can (Fig. 2). 

4) Solder AM 8-V wire to 
mode switch (Fig. 4) open 
lug (Photo B). 

5) Solder REC 8-V wire to 
RIT board. Fig. 3(E). Photo C, 

6) Route cables to rf unit 
compartment. Photo D. 



Photo F. Rf choke and resistor soldered to R28. 



Fig. 6. FM detector. 



Fig. 7. Limiting FM modulator. 





Fig. 8. Power supply. Fig. 9. Optional AM/FM switch. 
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Fig. 10. PC board (foil side). 
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Fig. 11. PC board {component side). 


7) Solder cable (audio in¬ 
put to SK3223) to mike gain 
control Photo E 

8) Solder wire SQ to RIT 
board, Fig. 3(F). 

9) Solder an rf resistor at 
the junction of R28, R29, 
C34, and R30. See sche¬ 
matic, PLL unit; add a 22k re- 
sistor to the choke and 
solder shield to nearest can. 


solder center of cable to re¬ 
sistor, route the cable and re¬ 
place shield cover. Fig. 5(H); 
Photo F. 

10) Drill two holes in the 
chassis at the rf unit com¬ 
partment (top of unit); be 
careful with the metal 
chips—the rig does not like 
them at all! Cut a piece of 
cardboard and cover the rf 


unit. Install the board on top 
of the rf unit and plug cable 
to the board. (Holes are not 
required, but a two-sided 
tape is recommended to se¬ 
cure the FM board.) 

11) Take a break, get a cup 
of coffee, and relax a bit. 

12) Now that you are 
cooled off and relaxed, let's 
check the work by starting 
at the beginning (Step 1) 
Make sure there are no sol¬ 
der pieces running around, 
bad connections, or shorts 
anywhere. 

13) Put some tape on the 
top and bottom covers to 
prevent the board from 
shorting to it. 

14) Connect the power 
supply and make sure RIT is 
off and CCW and speaker 
are connected. Turn it on 
and select AM mode. You 
should hear a hiss at the 
speaker. Turn RIT squelch 
CW till speaker goes dead. 

15) If you have an rf gen¬ 
erator, feed a signal to the 
antenna input of about 100 
FM at 1 kHz with 4-kHz de¬ 
viation and adjust quad coil 
for best sound or best 1 kHz 
on the scope, connected at 
the speaker. It is a very sharp 
adjustment. Connect the rig 
to a dummy load, feed a 
loud signal to the mike from 
theCW keyer, and adjust the 
deviation pot for 5-kHz de 
viation. If you don't have a 
meter, adjust the pot to cen¬ 
ter and get on the air with 
someone to help you adjust 
the deviation. 


16) One relay is used to 
pteserve AM —do pqnnect 
the supply voltage to it be¬ 
fore any regulator of 730, be¬ 
cause it may not regulate 
properly with the additional 
current drain. 

That's all there is to it. 
You're ail Set to explore the 
fun of 29.5-29.7 MH?. Tune 
first to 29.6 MHz. the inter¬ 
national simplex calling fre¬ 
quency. Next listen for 
repeater outputs ip 10-kHz 
jumps from 29.61-29.|9. In¬ 
puts are 100 kHz below out¬ 
put frequencies. 

Best DX! 

I would like to thank all of 
you who helped me with this 
modification article, and a 
special thanks to the Crystal 
Lake Repeater Group, AE9F, 
KN9N, WD9DRC. N9KC, 
KC9XU, Fred Palmer from 
ICOM, and h)9DP for their 
direct help in the design 

Notes: To adjust squelch 
to your taste, lift R5 anc| 
change R6 so RIT pot is po¬ 
sitioned to your taste 
(squelch closed); then 
change R5 to adjust squelch 
tail; R5 can be as high as 
500k The board can be ob¬ 
tained from the author for 
SI 5 00, the tested module 
and harness for $75 00, or in¬ 
stallation of the module in 
your radio for $110 00 plus 
shipping cost All mail and 

swered — please send an 
SASE.B 


Value; ID 

1N914 or 
1N4148 
1N4734A 
.1 uF (104) 


CY20C104M 


.001 uF (102) CY15C102M 


4.7 uF 
.01 uF (103) 
100 pF 
10 uF 


ECEA1EV4R7S 

CY15C103M 

CD15FD101J3 

ECEA1EV100S 

ECEA1HV010S 

ECEA1HV2R2S 


RS or 

Motorola 

Motorola 

Centralab 

Centralab 

Panasonic 

Centralab 

CDE 

Panasonic 

Panasonic 

Panasonic 


Unit 
Price 
$ .20 


R11,12 
R13 


22K 


10k pot (Dev) EUNK0AA00B14 Pi 
R15 470 Ohms 

R6 180k 

Q1 2SA1015 or 2N39G6 (PNP) 

IC1 MC3359P V 

CFl CFU455F (filter) V 

IC2 TA7061 or SK3223 

T1 455 Quad coil—RCM-2A6597HM — 

RF1 1-uHrf choke 

SI Triple-pole single-throw 

PI 2-position right-angle connector ar 

P2 8-position right-angle connector ar 
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4.00 

1.00 

2.50 





























Harry A- Schools KA3B 
1606 S Newkirk Street 
Philadelphia PA 19145 


Join the SWOT Team! 

2m FM is fun, but using a repeater won't challenge your skill. 
Turn the switch to SSB and find out what ham radio is really about! 



Photo A. Here is the author as DA2AL in the Hunsruck 
Mountains of West Germany during a Region I VHF Con¬ 
test, putting a scarce grid square on the air. Although moun¬ 
taintopping isn't as popular in the US as it is in Europe, it is 
no longer rare to see American hams heading for the hills. 


E ven as little as fifteen 
years ago, 2-meter SSB 
was basically considered a 
barren no-man's-land with 
only a handful of operators 
occupying the band. Activi¬ 
ty was slight, even in heavi¬ 
ly-populated areas such as 
the Northeast, with numer¬ 
ous band openings going un¬ 
noticed. However, the status 
of 2-meter SSB has changed 
dramatically since then, es¬ 
pecially over the last decade. 

With the advent of fully- 
synthesized multimode rigs 
and affordable power am¬ 
plifiers. receive preamplifi¬ 
ers, and antennas. 2-meter- 
SSB capability is readily 
available at modest cost and 
is no longer the mode once 
inhabited almost entirely by 
the home-brewer and experi¬ 
menter. Even so, there are 
many amateurs who under¬ 
estimate its potential in 
terms of DX and reliable 
communication over appre¬ 
ciable distances. For the 
Technician-class licensee 
who yearns to work some in¬ 
teresting DX or for the old- 
timer who has had it with 
crowded repeaters, 2-meter 
SSB may be a ticket to fun 
and enjoyment 

Let me point out that the 
main intent of this article is 


basically to inform the read¬ 
er that there is an abun¬ 
dance of 2-meter SSB/CW 
activity taking place and to 
introduce the "Sidewinders 
On Two" organization, other¬ 
wise known as SWOT, which 
caters to the SSB/CW enthu¬ 
siast To fully cover areas 
such as antennas and radio¬ 
wave propagation would be 
almost impossible, as books 
have been written on these 
subjects. Therefore, I will 
make generalizations which 
can be researched through 
further reading. 

Getting on the Air 

Unlike years gone by, 2- 
meter multimode transceiv¬ 
ers are readily available as 
either large base-station 
units with built-in ac power 
supplies or as smaller base/ 
mobile rigs which require an 
external dc power supply if 
they are to be used at the 
home station. Whatever 
way you decide to go, re¬ 
member that the cost of a 
multimode rig is not much 
more than that of an FM 
transceiver. 

Two features which now 
are standard on most of the 
newer rigs have made life 
easier for the sidebander: 
scanning and squelch on 


26 73 tor Radio Amateurs • December, 1985 





Fig 1. Shown above is the grid-square layout for the United States under the Maidenhead Lo¬ 
cator. Each field is broken down into 100 2° x 1 ° grid squares measuring approximately 100 
X 70 miles in size, and numbered exactly like the Echo Mike field in the diagram. To figure 
out your own grid-square locator number, refer to the article on page 49 of the january, 1983, 
QST or the October, 1982, issue of the Lunar Letter, edited by KI7D. 


sideband. Besides having 
the transceiver scan for sig¬ 
nals during slow periods, lis¬ 
tening to receiver white 
noise for hours on end is a 
thing of the past As for pow¬ 
er outputs, most rigs now on 
the market run anywhere 
from 10 to 30 Watts, which 
is sufficient to work DX in 
most cases. 

Transverters. If it is not 
feasible to purchase a sepa¬ 
rate multimode rig, then a 
transverter would be an al¬ 
ternative to get on the band 

If you currently maintain 
an HF station that was man¬ 
ufactured in the mid 1970s 
or later, there's a good 
chance that the manufac¬ 
turer of the rig has a 2-meter 
transverter which is compat¬ 
ible. The cost of a trans¬ 
verter, even if it requires 
modifications for use on 
your HF rig, is well below 
that of a separate multi- 
mode transceiver 

Antennas 

Polarization. Some ama¬ 
teurs who purchase multi- 
mode rigs are disappointed 
when they venture into the 
low end of 144 MHz in 
hopes of finding someone to 
talk to, but hear nothing but 
receiver white noise instead. 
Although it is no fault of 
their own, a common mis¬ 
take made by newcomers to 
the band is to start tuning 
around using a vertically-po¬ 
larized antenna. Unless they 
are in a heavily populated 
area with many stations ac¬ 
tive on the band, chances 
are that they will hear abso¬ 
lutely nothing. 

On 2-meter SSB, just 
about everyone is horizon¬ 
tally polarized, and because 
of this, vertical antennas do 
not perform well. The cross¬ 
polarization loss between a 
station running vertical and 
a station running horizontal 
is debatable. However, most 
agree that it is in the area of 
20 dB. With a loss figure this 
high, even local stations can 
sometimes be very weak, 
with severe fading if two sta¬ 
tions are cross-polarized. 


Horizontal polarization is 
preferred because signals 
that are polarized in this 
fashion are more consistent 
over greater distances, with 
less fading and flutter. Also, 
since most man-made elec¬ 
trical noise is vertically po¬ 
larized, a horizontal anten¬ 
na exhibits a nulling effect 
which greatly reduces static 
noise levels. 

The yagi. Just as ground 
planes are used widely for 
FM work, yagis are the work¬ 
horse of the SSB operator. 
Most operators utilize a 
single long-boom yagi 
mounted high enough to 
clear any serious obstruc¬ 
tions. Even if the antenna is 
30 feet off the ground, if it's 
clear of nearby buildings, 
trees, or power lines, it 
should work flawlessly. 
Long-boom yagis are gener¬ 
ally 15 to 20 feet in length 
with forward-gain figures of 
roughly 12 to 16 dB. 

Being relatively small 
compared to its HF counter¬ 
parts, the main advantage of 
the yagi is that it is light¬ 
weight; it can be turned easi¬ 
ly with a small TV-type an¬ 
tenna rotator. A single yagi 
will work quite well even 
with 10 Watts, but usually 
the more serious operators 
or EME (moonbounce) en¬ 


thusiasts stack their yagis in 
large arrays for greater gain 
and directivity. Besides the 
yagi, other antennas which 
are used on SSB to a lesser 
extent are collinear arrays 
and quads. 

Omnidirectional antennas. 
If it is not feasible to erect a 
beam antenna due to space 
limitations, then a com¬ 
promise would be a halo. 
The halo is an omnidirec¬ 
tional, horizontally-polar¬ 
ized antenna which exhibits 
less than unity gain. Halos 
are quite popular with 2-me- 
ter-SSB mobile operators be¬ 
cause they are relatively 
small. 

Another choice would be 
the squalo, which is actually 
a square halo Back in the 
1960s Cushcraft Corpora¬ 
tion manufactured a squalo, 
and at times they can still be 
found at hamfests and elec¬ 
tronics flea markets. 

Probably the best hori¬ 
zontally-polarized omnidi¬ 
rectional antenna that one 
could use would be the Big 
Wheel. As with the squalo, 
the Big Wheel was manufac¬ 
tured by Cushcraft back in 
the 1960s It was very popu¬ 
lar due to the fact that it was 
rated at 3-dB gain, making it 
that much better than the 
unity-gain halo and squalo. 
Also, Big Wheels could be 


stacked for even greater 
gain, making them that 
much more desirable for 
those who cannot erect 
beams. Shaped like a three- 
leaf clover. Big Wheel con¬ 
struction articles are quite 
common in VHF antenna 
books under names like the 
cloverleaf and the turnstile. 

Power 

As noted before, 10 to 30 
Watts is an adequate power 
level for working most types 
of DX on 2 meters. However, 
when it comes to attempting 
contacts on meteor scatter 
or aurora, a higher output 
power will prove beneficial. 

I don't mean to imply that it 
can't be done with 10 
Watts it can! But due to 
the nature of these propaga¬ 
tion modes, a higher power 
level is required for opti¬ 
mum results. Most newcom¬ 
ers to the band soon find out 
that the average station runs 
somewhere in the area of 80 
to 170 Watts And just like 
the HF bands, 2 meters has 
its share of those who run 
the full legal limit, especial¬ 
ly where moonbounce is 
concerned. 

Amps and Preamps 

As with multimode rigs, 
there is a wide variety of 
solid-state amplifiers avail- 
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Photo C. Multiband, multimode capability is available in 
the VHF/UHF gear that is now available. Besides 2-meter op¬ 
eration, the Yaesu FT-726R is also operational on 6 meters 
and 70 cm through the use of plug-in modules. [Photo cour¬ 
tesy of Yaesu.) 


Photo B. The use of transverters such as the FTV-901R, which 
is compatible with the Yaesu 901 series, is a cost-effective 
way of getting on 2-meter SSB. 


able on the market Most of 
these amplifiers require any¬ 
where from 1 to 30 Watts of 
drive and will deliver any¬ 
where from 80 to 160 Watts, 
depending on the model. 
Besides being switchable for 
SSB or FM use, most of these 
amps are also supplied with 
receiving preamplifiers 
which greatly improve the 
signal-to-noise ratio of the 
received signal. For those 
operators who desire even 
higher output, there are 
many amplifier kits avail¬ 
able for the home-brewer, 
and to a lesser degree com¬ 
mercially available units 
which will provide a solid 
kW. 

Contrary to popular be¬ 
lief, most of the rigs today 
do not have hot receivers. 
Anyone who has been in¬ 
volved with the band for any 
length of time will tell you 
that the addition of a re¬ 
ceive preamplifier is a must. 
For communications within 
a few hundred miles, a stock 
receiver may work just fine, 
but for weak-signal work or 
during marginal band open¬ 
ings, most rigs can't cut the 
mustard. The addition of a 
receive preamplifier can 
make the difference be¬ 
tween getting a Q5 copy on 
a signal or not hearing it at 
all. 

Preamplifiers can be pur¬ 
chased as small circuit 
boards which can be inter¬ 


nally mounted to your exist¬ 
ing transceiver, as separate 
enclosed units with BNC or 
SO-239 connectors for quick 
and easy installation, or as 
the highly sensitive mast- 
mounted GaAsFETs. 

Propagation 

Radio-wave propagation 
on 2 meters falls basically 
into two categories, these 
being tropospheric and 
ionospheric. The tropo¬ 
sphere is a region which ex¬ 
tends from the ground up to 
about eight miles. It is here 
that most VFtF propagation 
takes place and also where 
our weather is formed. Be¬ 
cause of this, 2-meter signals 
are greatly affected by tem¬ 
perature, water vapor, pres¬ 
sure, and, in general, the 
movement of air masses and 
weather systems. Two types 
of tropospheric propagation 
that occur quite frequently 
are: thermal inversions 
which can extend signals be¬ 
yond 500 miles, and tropo¬ 
spheric ducting which has 
the ability to carry signals in 
excess of 2000 miles. 

Temperature inversions. 
Also known as thermal in¬ 
versions, this mode of prop¬ 
agation is most common to 
the 2-meter band. Tempera¬ 
ture inversions are formed 
when there is a reversal of 
the atmosphere's height-to- 
temperature relationship, 
which in turn affects its re¬ 


fractive index. Under nor¬ 
mal atmospheric conditions, 
there is a temperature de¬ 
crease with ascending alti¬ 
tude. However. there are 
times when the temperature 
at some point stabilizes or 
even rises with increased 
height when a layer of warm 
air is trapped between two 
layers of cooler air. This 
warm air constitutes a ther¬ 
mal inversion and with it, 
the refractive index is in¬ 
creased. 

Inversions can propagate 
VHF and UHF signals up to 
three times the normal 
range and, depending on 
their intensity, signals will 
be either weak with some 
flutter or rock solid with 
very little fading. This phe¬ 
nomenon is prevalent along 
coastal areas, especially in 
the spring and fall. This is 
the result of a greater tem¬ 
perature difference be¬ 
tween land and water. Al¬ 
though inversions are pri¬ 
marily a nighttime effect, 
smaller inversions often oc¬ 
cur just after dawn and after 
sunset when some enhance¬ 
ment of the signal can usual¬ 
ly be noticed. 

Tropospheric ducting The 
causes of tropospheric duct¬ 
ing cannot be explained eas¬ 
ily, but most scientists and 
propagation experts seem to 
agree that they are the prod¬ 
uct of wind shears, which 
are high velocity winds that 
are blowing in opposite di¬ 
rections to each other The 


boundary area between 
these winds has the ability 
to propagate VHF and UHF 
signals thousands of miles. 
Ducts can be very selective 
to various geographical 
areas, with other stations at 
points in between not being 
aware of its existence. In 
other words, if a duct were 
to form between New En¬ 
gland and Texas, stations in 
places such as Tennessee 
and Kentucky, which are 
along the duct's path, may 
not necessarily be able to 
take part in the opening. 

Ducting can continue any¬ 
where from a few minutes to 
a few days. It is this propaga¬ 
tion mode which has made 
possible QSOs between sta¬ 
tions in Hawaii and Califor¬ 
nia, which is a distance of 
approximately 2500 miles. 

Ionospheric propagation. 
Sporadic E, aurora, meteor 
scatter, and transequatorial 
propagation (otherwise 
known as TE) are propaga¬ 
tion modes that fall into the 
ionospheric or solar-related 
category. 

Sporadic £. Sporadic E gets 
its name from heavily ion¬ 
ized clouds that form in the 
E-region of the ionosphere, 
which is about 60 miles 
above the earth. It is rare for 
these clouds to reflect 144- 
MHz signals, but when they 
do. E-skip contacts can be 
made up to approximately 
1200 miles The formation of 
these E-clouds is the result 
of wind shears and, to a cer- 
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tain extent, intense thunder¬ 
storm activity, which pro¬ 
duces very high cloud tops. 

Excellent indicators for a 
possible E-skip opening on 2 
meters are TV channels 4, 5, 

6, and especially the FM 
broadcast band, which 
ranges from 88 to 108 MHz. 
Also, when skip conditions 
become extremely short on 
6 or 10 meters to within a 
few hundred miles, it is a 
good idea to begin looking 
on the band for something 
to happen. 

Although E-skip can oc¬ 
cur at any time, seasonal 
peaks do take place from 
June through August and 
again during December and 
January Openings can last 
anywhere from a few min¬ 
utes to a few hours, but 
since E-clouds are moving at 
a high rate of speed and 
their ionization density is 
critical for supporting 144- 
MHz signals, conditions 
change very rapidly. 

Finally, double-hop E-skip 
is rarer still, but it has been 
done, with contacts made in 
excess of 2000 miles. 

Aurora. Intense ionization 
of the polar regions follow¬ 
ing disturbed periods on the 
sun allows amateurs to re¬ 
flect their signals off heavily 
ionized patches or auroral 
curtains. Curtains are formed 
when solar disturbances 
emit particles which arrive 
at Earth a few days after the 
storm is first observed. 
These particles then congre¬ 
gate at the polar regions and 
form what is known as an 
aurora. 

Since the aurora is a cul¬ 
mination of numerous patch¬ 
es of intense ionization 
which are in constant mo¬ 
tion, VHF and sometimes 
UHF signals are reflected 
back in different phases 
This multi-path reception or 
phase difference causes the 
received SSB signal to have 
a whispery or sometimes 
garbled effect and CW sig¬ 
nals to sound like a hiss in¬ 
stead of a pure note 

Auroras are common dur¬ 
ing the winter and summer 
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144.000-144.050 MHz EME (Moonbounce) CW 

144.050-144.060 MHz Beacons 

144.060-144.100 MHz General CW and weak signals 

144.100-144.200 MHz EME (Moonbounce) and weak-signal SSB 

144.200 MHz National calling frequency 

144.200-144.300 MHz General SSB operation 

Note: Upper sideband (USB) mode is used. 

Table 4. 144-MHz SSB/CW band plan. 


equinoctial periods, with 
peaks generally taking place 
from 4:00 pm to 8:00 pm lo¬ 
cal time. For obvious rea¬ 
sons. the mid- and high-lati¬ 
tude states experience many 
auroral openings per year, 
but from time to time its ef¬ 
fects can be felt as far south 
as the Gulf states. Contacts 
are normally on the order of 
800 miles, although some of 
over 1200 miles have taken 
place. 

Auroral contacts. By point¬ 
ing the antenna towards the 
north a few days after a so¬ 
lar disturbance, auroral con¬ 
tacts are possible. Normally, 
CW signals are the only ones 
to be heard, but if the aurora 
is intense enough. SSB can 
be copied with signals some¬ 
times well overS9. 

When calling CQ on CW 
it is customary to send "CQ 
A" or "CQ AU." On side¬ 
band, the call is simply "CQ 
Aurora." One important 
thing to remember is that 
since SSB is received as 
whispers or even garbles, it 
is imperative that one speak 
slowly, using phonetics and 
trying to enunciate words 
properly. Unless conditions 
are near perfect E's, T's, C's, 
D's, etc., sound an awful lot 
alike. With pure notes not 
being received on CW, re- 

Year Tropo E-Sklp 

1976 4 2 

1977 10 6 

1978 5 1 

1979 6 6 

1980 5 2 

1981 8 7 

1982 7 11 

Total 45 35 

Table 1. Annual breakdown 
of observed band openings 
into the Fort Worth, Texas, 
area over a seven-year pe¬ 
riod. 

eember, 1985 


ports are given as 59A in¬ 
stead of 599. 

Since the aurora is in con¬ 
stant motion, signal strength 
will vary from time to time 
during the course of a QSO 
Therefore, it is sometimes 
necessary to peak for maxi¬ 
mum signal by moving the 
antenna a few degrees ei¬ 
ther way. At times, a move¬ 
ment of 10 degrees can 
make the difference be¬ 
tween Q5 copy and not 
hearing the station at all. 

Meteor scatter As men¬ 
tioned before, sporadic-E and 
auroral propagation are pos¬ 
sible through the direct re¬ 
sult of intense ionization. 
This holds true with meteor 
scatter also. Meteors which 
enter the Earth's atmo¬ 
sphere burn up, leaving 
trails of ionization which at 
times have the ability to re¬ 
flect radio waves, permit¬ 
ting contacts in excess of 
1500 miles. The length of 
time that an ionization trail 
remains intact and intense 
enough to support 2-meter 
signals is dependent upon 
the size of the meteor and 
its orientation to the ama¬ 
teur station. Most meteor 
bursts (or pings) last a few 

Month Tropo E-Sklp 
Jan 0 1 

Feb 1 0 

Mar 1 0 

Apr 3 0 

May 5 0 

Jun 21 11 

Jul 0 10 

Aug 7 9 

Sep 2 4 

Oct 3 0 

Nov 0 0 

Dec 3 1 

Table 2. Monthly break¬ 
down of observed band 
openings into the Fort 
Worth, Texas, area over a 
seven-year period. 


seconds, with a rare few ex¬ 
ceeding 15 seconds. Thus, 
high-speed CW is the pre¬ 
ferred mode although SSB is 
being used more and more. 

Meteor-scatter DXing. With 
most contacts being ar¬ 
ranged through predeter¬ 
mined schedules with other 
stations, attempting to work 
meteor-scatter DX requires 
patience and perseverance. 
Since working through ran¬ 
dom meteors is time con¬ 
suming, almost all contacts 
are attempted during major 
meteor showers such as the 
Perseids in late July and ear¬ 
ly August, where the hourly 
rate of meteors entering the 
atmosphere is very high. 

The operating procedures 
for working meteor-scatter 
DX are too extensive to list 
here. However, the basic for¬ 
mat is for one station to 
transmit during the first and 
third quarter of each minute 
while the other station trans¬ 
mits on the alternate 15-sec- 
ond periods. It may go on 
like this for hours until both 
stations acknowledge call- 
signs and signal reports. 
Most important, though, is 
that phrases such as "this is" 
and "your signal is" be elimi¬ 
nated, as most bursts are rel¬ 
atively short. As far as out¬ 
put power is concerned, 80 
Watts is sufficient for mak¬ 
ing contacts without too 
much trouble. Surprisingly, 
many amateurs have made 
successful QSOs with as lit¬ 
tle as 10 Watts 

Transequatorial propaga¬ 
tion. Transequatorial propa¬ 
gation (or TE) has been evi¬ 
dent on the 6-meter band for 
some time, but just recently 
over the last decade has its 
presence been felt on 2 me¬ 
ters. TE takes place in the F2 

Season Tropo E-Skip 
Summer 9 23 

Fall 6 1 

Winter 2 1 

Spring 29 11 

Table 3. Seasonal break¬ 
down of observed band 
openings into the Fort 
Worth, Texas, area over a 
seven-year period. 




region of the ionosphere 
and, as far as it is known, is 
accessible to stations cen¬ 
tered at equal distances on 
both sides of the geomag¬ 
netic equator. For example, 
contacts of close to 5000 
miles have been made be¬ 
tween Europe and South Af¬ 
rica and between Puerto 
Rico and Argentina. 

DX: What to Expect 

As with any phenomenon, 
the mechanisms which facil¬ 
itate VHF DX are at times 
unpredictable. Although there 
are exceptions to almost 
every rule of propagation, 
long-term statistical analysis 
of band openings does prove 
certain things 

Len Hoops KC5IJ pro¬ 
vided me with a computer¬ 
ized list of band openings into 
the Fort Worth, Texas, area 
over a seven-year period 
from 1976 to 1982. Once I 
categorized these openings 
according to year, month, 
and season, it was evident 


that everything I had ever 
read concerning VHF propa¬ 
gation was basically true. 
The numbers didn't lie. 

Keep in mind that some 
parts of the country experi¬ 
ence more band openings, 
especially where tropo is 
concerned. As mentioned 
earlier, this is due to geo¬ 
graphical location (tropo is 
more prevalent along coast¬ 
al areas) Despite this, the 
numbers are still indicative 
of seasonal peaks. 

Looking at the annual 
breakdown of observed band 
openings, it is interesting to 
note that the number of 
tropo-DX openings was 
about the same each year, 
whereas E-skip DX varied 
quite a bit. On the average, 
KC5IJ experienced 6 tropo 
and 5 E-skip openings per 
year. (See Table 1.) 

The monthly breakdown 
shows that June is by far the 
most active month in terms 
of DX. This is true just about 
everywhere Spring and fall 


show an increase in tropo 
DX which was noted earlier, 
and the summer months 
clearly reveal that this time 
of year is the best for work¬ 
ing E-skip. (See Table 2.) 

SSB/CW Band Plan 

Table 4 shows the band 
plan for the low end of 144 
MHz. For the most part, this 
particular plan has gained 
acceptance and is adhered 
to on a nationwide basis. As 
you can see, 144.200 MHz is 
the national calling fre¬ 
quency, and most of the ac¬ 
tivity is centered here. 

Making Contact 

On SSB it is perfectly all 
right to call CQ just as you 
would on the HF bands. As a 
matter of fact, this is stan¬ 
dard operating procedure. 
When calling CQ, it is gener¬ 
ally a good idea to give your 
callsign phonetically, your 
location, and in which direc¬ 
tion you are beaming (if a di¬ 
rectional antenna is being 


used). If a vertical antenna is 
being utilized, say so during 
your CQ. This will be very 
helpful because almost ev¬ 
eryone is horizontally polar¬ 
ized and the subsequent 
cross-polarization loss is 
around 20 dB. That weak 
signal that one may think is 
DX can sometimes be a sta¬ 
tion 10 miles away on a 
ground plane. 

Once contact is estab¬ 
lished with another station, 
a move up in frequency to 
144.210, 144.220, 144.230, 
etc., is recommended. Rag- 
chewing on or very near the 
calling frequency is frowned 
upon, so it's best to QSY 
once contact is made. As for 
CW buffs, it is OK to call CQ 
on CW on 144.200 MHz. But 
once again, it is recom¬ 
mended to QSY once con¬ 
tact is made 

Activity 

When it comes to the lev¬ 
el of activity on 2-meter 
SSB, it is no different than 


Day UTC Time 


Name 


Freq. 


NCS 


ALL 

Sun 

Sun 

Sun 

Sun 

Sun 

Sun 

Sun 

Mon 

Mon 

Tue 

Tue 

Tue 

Tue 

Tue 

Tue 

Wed 

Wed. 

Wed 

Wed 

Thu 

Thu 

Thu 

Sat 

Sat 

Tue 

Fri 

Sun 


LOCAL TIME 
1500Z 10:00 AM 
041SZ 8:15 PM 

1530Z 8:30 AM 

0300Z 8:00 PM 

0200Z 8:00 PM 
0300Z 9:00 PM 
0330Z 7:30 PM 

0230Z 8:30 PM 
0300Z 9:00 PM 
0400Z 8:00 PM 
0400Z 9:00 PM 
0230Z 9:30 PM 

0300Z 9:00 PM 
9:00 PM 
0230Z 8:30 PM 
0300Z 8:00 PM 

0400Z 8:00 PM 
0100Z 8:00 PM 

0200Z 9:00 PM 
0300Z 9:00 PM 
0300Z 9:00 PM 
0200Z 8:00 PM 
0200Z 9:00 PM 

0400Z 8:00 PM 
1300Z 7:00 AM 

1600Z 8:00 AM 

0145Z 8:45 PM 

0145Z 8:45 PM 

0145Z 8:45 PM 


IS IN 
NYC 

Tucson 
Qrlando 
Arkansas 
Twin Cities 
So. Calif. 
INDIANA 
So. Tex. 
Spokane 
Salt Lake 
Greensboro 
Rio Grande 
Anchorage 
So. III. 
Phoenix 
North Count 
Cleveland 
East PA 
IA/MO/IL 
N. Texas 
Chicago 
West VA 
South Count 
North Texas 
WA-ID-MT 
MD to OH 
MD to OH 
MD to OH 


STANDARD 
East Coast 
NV Activity 
Arizona-Tucson 
Sunshine State 
Razorback 
Minnesota 
SOCAL 

SE Indiana 
So. Texas 
Inland Empire 
Mtn. States 
N. C. SWOT 
Republic of Rio G 
Alaska 

"Little Egypt" 

Arizona-Phoenix 
NORCAL 

N. Central States 
Delaware Valley 
Tri-State 
Hdqrtrs 
INDY 

Triple—States 
NORCAL 
Hdqrtrs 
Inland Empire 
Activity group 
Activity Group 
Activity Group 


TIME 

144.250 

144.225 

144.300 

144.250 

144.250 

144.250 

144.250 

144.250 

144.250 

144.250 

144.250 

144.250 

144.250 

144.200 

144.250 

144.300 

144.250 

144.255 

144.250 

144.250 

144.250 

144.250 

144.150 

144.250 

144.250 

144.110 

144.170 

144.170 

144.170 


Tabie 5. SWOT nets currently active, 


EFF. OCT. 27, 85 
WA2SLY/WA2FXB/WA2PJ Z 
WA7JUO 
N7WS/W5DXN 

WA4GPF WD4FAB KA4WWL 
NR5A, WB5JAR, WB5PNZ 
W0KRX 

WB6NOA/KF6ZB/K6PVS 

KABMRI 

KD5CB NB50 

KB7N 

N7BHC 

KA1LMN/4 

N5DQD/WB5YVD 

KL7JAI/KL7IKV/KL7QS/ 

N5AFL/KA9HDZ 

KB7CH 

WA6ZJF 

KBRAQ/WDBPKQ/W8FQK 

WB2BJH/WA2ADS/N3BHS 

WB0SWD/WB9WMM/N9CXO 

WD5DJT KA5NGG 

KA9EJJ/KA(MXF 

WBBZTV/KJBJ 

N6EI0, K9TGT, K6HXW, 

WA5DBY/K5ASZ 

W7HAH/N7ART 

W3WN 

W3WN 

W3WN 
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Antennas 


Cushcraft Corporation 
PO Box 4680 
Manchester NH 03108 
Jaybeams from: 
JASCO International 
PO Box 29184 
Lincoln NE 68529 


V-J Products, Inc. 

505 E. Shaw 
Pasadena TX 77506 
Daiwa USA, Inc. 

1908A Del Amo Blvd. 
Torrance Ca 90501 
Arcos (kits) 

Harold Bramstedt 
6104 Egg Lake Road 
Hugo MN 55038 


KLM 

PO Box 816 
Morgan Hill CA 95037 


Amplifiers 

Henry Radio 
2050 S. Bundy Drive 
Los Angeles CA 90025 
TE Systems 
PO Box 25845 
Los Angeles CA 90025 


Austin Custom Antennas 
RFD #1, Tenney Road 
SandownNH 03873 
F9FT (Tonna from France) by: 
N&G Distributing Corporation 
7201 NW 12th St. 

Miami FL 33126 


Communications Concepts 
2648 N. Aragon Ave. 

Dayton OH 45420 

Mirage Communication Equipment 

PO Box 1000 

Morgan Hill CA 95037 

Tokyo Hi-Power Labs by: 

ENCOMM Inc. 

2000 Avenue G, Suite 800 
Plano TX 75074 


Janel Laboratories 
33890 Eastgate Cir. 
Corvallis OR 97333 
Radiokit 
PO Box 4115 
Greenville NH 03048 


Preamps 

Advanced Receiver Research 
PO Box 1242 
Burlington CT06013 
Hamtronics, Inc. 

65 Moul Road 
Hilton NY 14468 


Table 6. Some of the major manufacturers of 2-meter SSB equipment. Brochures and cata¬ 
logs are available upon request. 


operated by Johns Hopkins 
University's Applied Physics 
Laboratory in Laurel, Mary¬ 
land. 

The WB2IEY beacon. 
Sponsored by Tom Rich¬ 
mond WB2IEY and the Roch¬ 
ester, New York, VHF Group, 
this beacon is also opera¬ 
tional 24 hours a day on 
144.051 MHz. Located in 
Naples, New York, in grid 
square FN 12, the beacon 
runs 3 Watts to a pair of Big 
Wheels. 

The WB2RIL beacon. The 
WB2RJL beacon has been in 
operation since August. 
1984. It is a 24-hour-a-day 
beacon on 144.055 MHz 
The beacon is located in 
downtown Winter Park, Flor¬ 
ida, a suburb of Orlando, in 
grid square EL 98, and runs 
20 Watts to a pair of stacked 
Big Wheels. Reception re¬ 
ports can be sent to Chris 
Johnson WB2RJL. 


any other ham band—it has 
its up and down periods. 
Generally speaking, 90% of 
all activity occurs between 
6:00 pm and midnight local 
time, and to a lesser degree 
from 8:00 am to 11:00 am lo¬ 
cal time. But don't be fooled! 
Unfortunately, many opera¬ 
tors leave their rigs sitting on 
144.200 MHz and listen to 
white noise when the band 
may be open. Whether it's 
three in the morning or three 
in the afternoon, one cannot 
assume that the band is 
dead. You have to make 
calls to get results. 

In addition to the SWOT 
nets listed in Table 5, there 
are many localized VHF 
clubs which sponsor activity 
nights with nets open to all 
amateurs. One of the nicer 
things about the SSB portion 
of the band is that there is an 
even mix between rag-chew- 
ers, VHF DXers, experiment¬ 
ers, home-brewers, and the 
like It is basically a band of 
moderate activity with plen¬ 
ty of elbow room for every¬ 
one. Splatter and QRM are 
almost nonexistent except 
for the busy periods of VFJF 
contests, when everyone 


seems to come out of the 
woodwork And when the 
band cooperates with a 
good E-skip or tropo open¬ 
ing, 2 meters sounds much 
like 20 meters, minus the 
foreign DX of course. 

Referring to the seasonal 
breakdown, it is evident that 
spring is the best season for 
DX. Although the numbers 
of band openings for fall 
and winter are much lower, 
they do prove that tropo 
and E-skip can occur at any 
time. (See Table 3.) 

Over this seven-year peri¬ 
od, KC5IJ worked 32 states 
via E-skip and 20 states via 
tropo for a total of 35 differ¬ 
ent states worked. His equip¬ 
ment varied over the years, 
but generally speaking he 
ran about 200 Watts of pow¬ 
er with antennas that in¬ 
cluded an F9FT yagi and a 
20-element collinear array. 

Normal Range 

The normal range of 
2-meter SSB and CW de¬ 
pends upon many factors 
such as terrain, antenna 
height, antenna gain, power, 
etc. However, most will find 
that their range under nor¬ 


mal band conditions is on 
the order of 150 to 200 
miles. DX contacts are usu¬ 
ally referred to as those ex¬ 
ceeding 500 miles. 

Propagation Beacons 

As is the case with 6 me¬ 
ters and 10 meters, beacons 
are operational to assist am¬ 
ateurs in determining band 
conditions and to aid the 
beacon's operators in the 
study of radio-wave propa¬ 
gation. which is dependent 
on listeners' reports. There 
are currently three operation¬ 
al beacons in the US, with 
more in the planning stages. 
Amateurs are encouraged to 
monitor the beacon fre¬ 
quencies from 144.050 MHz 
to 144.060 MHz and to sub¬ 
mit reception reports which 
will in turn allow propaga¬ 
tion phenomena to be better 
understood. 

The W3VD beacon. The 
W3VD beacon is operation¬ 
al 24 hours a day on 144.052 
MHz. The beacon, which is 
located between Baltimore, 
Maryland, and Washington, 
DC, in grid square FM 19, 
runs 25 Watts to a halo an¬ 
tenna at 30 feet. W3VD is 


Sidewinders On Two 

In 1976, the need for an 
organization to promote 
2-meter activity on SSB and 
CW became evident much 
like the SMIRK organization 
for 6 meters and 10-10 Inter¬ 
national for 10 meters. Two- 
meter FM repeaters were 
threatening to encroach 
upon areas that were being 
used by SSB operators. The 
frequency used back then 
was 145.100 MHz, and a 
new section above this fre¬ 
quency was being autho¬ 
rized for more repeaters. 
The opening of the band be¬ 
low 145 MHz to 144 MHz to 
Technician-class licensees 
caused the national calling 
frequency to be moved 
from 145.100 to 144.200 
MHz. Prior to this, only high¬ 
er-grade licensees were al¬ 
lowed to work in the area 
around 144.100 being used 
for DX work on SSB and CW 
The SWOT organization 
was formed March 28,1976, 
by four Fort Worth, Texas, 
amateurs: K5ASZ, WB5MEV 
(now KB5SV), W5ARR, and 
W5JTA (now KC5IJ). The 
charter members signing at 
this time were given num- 
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WANTED: 

OLD 

THINKER 

TOYS* 

CW Communications, ComputerLand and 
The Computer Museum invite you to send in 
your early personal computers, software, and 
memorabilia — you could win a free trip to 
The Computer Museum in Boston 



Your old, dusty “thinker toy” may now be 
ready to become a treasured museum piece. 
The Computer Museum in downtown Bos¬ 
ton — an international museum dedicated 
entirely to computing — is searching for the 
very best and most unique relics of the per¬ 
sonal computer revolution. 




are working to¬ 
gether to bring 
these early relics 
out of your attic 
and into the 
collection of 
The Computer Museum. The museum is es¬ 
pecially looking for kit machines, proto¬ 
types, programs, output, newsletters and 

memorabilia of early computing from 

around the world. A selection of the finest 
items will be used to create an exhibit on the 
The 

Computer 
Museum 


ComputefUuKT 


evolution of personal computers and a cata¬ 
log highlighting the 
Museum’s collec¬ 
tions. If your sub¬ 
mission is accepted 
for addition to the 
Museum collection, 
you will be invited 
to the grand open¬ 
ing of the exhibit 
and will receive a p 
bound edition of 
the catalog. If your item is selected as one of 
the five best “finds", you will also receive an 
all-expense-paid trip to Boston for the grand 
opening party. 




So, get up to the attic, 
down to the cellar and 
into your closets, and 
tell us what you find! 
Call or write the Muse¬ 
um for an official entry 
form, or send a photo 
and description of your 
items by March 1, 1986 
to: The Computer Museum, Personal Com¬ 
puter Competition, 300 Congress St., Muse¬ 
um Wharf, Boston, Massachusetts USA 


02110, (617) 426-2800, Telex: 62792318. 



Enrries will be judged on significance, rarity, date, complctness and condition, items particularly sought include prc-1980 machines, 
early serial numbers (get those number l's out), machines made for purchase outside of North America (even modern machines are 
sought in this category); first releases of software such as first releases of operating systems, languages and mass-marketed and original 
applications; and pre-1980 photographs, newsletters, manuals and other records. The Computer Museum is a private non-profit 
educational institution. All donations are tax-deductible according to the provisions of the Internal Revenue Service. Thinker Toys is 
a registered trademark of George Murrow & Murrow Designs, Inc. 


"When You Buy, Say 73" 
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bers 1 through 26, with lots 
cast by the organizing com¬ 
mittee for the first four num¬ 
bers. W5ARR was to be 
chairman, WB5MEV trea¬ 
surer, K5ASZ net manager, 
and W5)TA secretary. W5)TA 
also started a newsletter 
called the SWOT Bulletin-, 
the first issue appeared in 
April, 1976, and it has been 
published at least 10 times a 
year ever since 

The purpose of the club 
was to promote 2-meter SSB 
and CW with an emphasis 
on a study of DX propaga¬ 
tion. DX has thus become 
the leading interest of the 
members. Nets were orga¬ 
nized starting with the Fort 
Worth area managed by 
K5ASZ, and W5JTA (KC5IJ) 
extended the nets nation¬ 
wide. SWOT now has nets 
coast to coast, some with 
only a few members and 
others with as many as 50 
check-ins per meeting. (See 
Table 5.) 

Membership in the SWOT 
organization is open to any 
2-meter operator authorized 
to use the band. Those who 
have worked two SWOT 
members become full mem¬ 
bers, while others may also 
join and become full mem¬ 
bers upon furnishing the 
callsigns and SWOT num¬ 
bers of two members worked. 
Application forms appear in 
each issue of the SWOT Bul¬ 
letin, although this form is 
not required. 

The dues are $5.00 with¬ 
out the Bulletin and $10.00 
with it. Renewals are the 
same except that family 
members, where extra mem¬ 
bership lists are not needed, 
will be $5.00. Applications 
can be sent to Howard Hall¬ 
man WD5D]T, 3230 Spring- 
field. Lancaster TX 75134 
The current membership in 
SWOT is over 2700-with 
Canada, Bermuda, Europe, 
and all of the USA repre¬ 
sented. 

The SWOT Bulletin, 
which is now edited by Harry 
A. Arsenault K1PLR, 704 Cur¬ 
tiss Drive, Garner NC 27529, 
is a very informative publi- 
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cation that the SSB/CW en- 
thusiastshouldn'tdowithout 
The Bulletin includes mem¬ 
bership activity reports, net 
updates, construction arti¬ 
cles, swap and sell items, 
new member listings, bea¬ 
con information, upcoming 
contests, VHF/UHF confer¬ 
ence information, schedule 
requests for meteor-scatter 
operators, and from time to 
time some very interesting 
propagation notes written by 
Emil Pocock W3EP 

A certificate for working 
10 or more SWOT members 
is available. Fifteen more 
contacts gets a "Worked 25" 
seal and other endorse¬ 
ments are made in steps of 
25. Some members have 
qualified for over 350 SWOT 
members worked. 

Each year a contest is set 
up for working other SSB/ 
CW stations, the rules of 
which are published ahead 
of time in the major ham-ra- 
dio magazines. Jerome 
Doerrie K5IS of Booker, 
Texas, is the awards and con¬ 
tests manager 

Grid Squares 

In order to stimulate ac¬ 
tivity on the VHF and UHF 
bands, some years back Eu¬ 
ropeans devised a QTH Ken¬ 
ner System, whereby the 
continent was divided up in¬ 
to grids which were deter¬ 
mined by longitude and lati¬ 
tude. With each grid and 
specific geographical loca¬ 
tion within the grid having 
its own alphanumeric desig¬ 
nators, the exact location of 
a station could be deter¬ 
mined. In time, collecting 
different grid squares be¬ 
came a popular competition 
on the bands. 

Unfortunately, the num¬ 
bering scheme utilized in 
this particular system could 
not be adopted for world¬ 
wide use However, the 
Maidenhead Locator system 
has solved this problem. 

The first area defined by 
the Maidenhead system is 
the 20° X 10° field which is 
designated by two letters. 
This field is then broken 
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down into 100 2° x 1° grid 
squares which measure ap¬ 
proximately 100 X 70 miles 
in size and are indicated by 
two numbers. To indicate lo¬ 
cation more precisely, two 
additional letters are used to 
indicate the 5' X 2.5' sub¬ 
square which is roughly 4 X 
3 miles in area. 

For example, the full loca¬ 
tor number for my QTH in 
South Philadelphia is FM 
29 )W. For on-the-air ex¬ 
changes, it is general prac¬ 
tice to give only the first 
four characters, or in my 
case FM 29. 

On January 1, 1983, the 
ARRL introduced an awards 
program called the VHF/ 
UHF Century Club Award 
(or VUCQ which involves 
the Maidenhead Locator. 
For 2-meter operators, it is 
required to confirm 100 dif¬ 
ferent grid squares to quali¬ 
fy for the award. (See Fig. 1.) 

Mountaintopping 

Except for contest week¬ 
ends, mountaintopping hasn't 
really caught fire here in the 
United States as it has in Eu¬ 
rope. Heading to the hills to 
put new grid squares on the 
air is commonplace amongst 
the VHFers abroad. It is 
hoped that more Americans 
will start heading for the 
hills, too. 

Contests 

There are four major VHF 
contests sponsored by the 
ARRL that generate heavy 
activity on the SSB and CW 
portions of 2 meters. These 
are the VHF Sweepstakes in 
January, the June VHF QSO 
Party, the September VHF 
QSO Party, and the 2-Meter 
Spring Sprint which was held 
for the first time in April of 
1983. With many stations 
heading to hills and moun- 
taintops for that extra edge, 
contests are the perfect time 
to go hunting for those 
needed states, counties, grid 
squares, etc Rarely does a 
contest go by without some 
sort of opening taking place 


which turns the band into a 
frenzy that is unlike any¬ 
thing you've ever heard 

Suggested Reading 

As noted earlier, my main 
intention was to inform the 
reader that there is activity 
on the SSB and CW portions 
of 2 meters and to introduce 
the Sidewinders On Two or¬ 
ganization It was not my 
plan to delve into the techni¬ 
cal aspects of equipment, 
antennas, and propagation, 
but instead to give a very 
brief overview on these sub¬ 
jects. I hope I have suc¬ 
ceeded. As for further read¬ 
ing and research, there are 
many excellent books on the 
market that the 2-meter en¬ 
thusiast shouldn't do with¬ 
out. 

A few of these are the 
VHF Handbook for Radio 
Amateurs by W9EGQ and 
W6SAI, the ARRL Radio 
Amateur's Handbook, the 
ARRL Operating Manual, 
and the Radio Society of 
Great Britain VHF/UHF Op¬ 
erating Manual by G3RPE 
and C6JP. 

One Final Note 

Two-meter SSB is re¬ 
garded by some as uninter¬ 
esting or even boring. True, 
it is not for everyone. But 
sooner or later the patience 
and perseverance of those 
who frequent the band pay 
off with tremendous band 
openings which make it 
seem all worthwhile. There 
is no comparing the elation 
of working VHF DX to DXing 
on the HF bands, as the 
propagation on HF is just 
too predictable. 

Just ask any 2-meter SSB 
convert. It is much more sat¬ 
isfying to crack the pileup 
for the South Dakota station 
on 1000-mile E-skip than it is 
to work that HV on twenty. 
If you don't work the HV 
from the Vatican, he may be 
back again tomorrow. But if 
you don't work the South 
Dakota station on 2-meter 
E-skip well, you get the 
picture! ■ 




Gary Sargent WB8TPD 
4227 Willow Run Drive 
Dayton OH 45430 


One-Chip Facsimile 

We all talk about the weather; now you can see it 
on your Atari. You'll be amazed at how simple it is. 


H ave you ever been tun- 
ing the shortwave 
bands and encountered 
the distinctive “screech 
screech" sound of a facsim¬ 
ile signal and wondered 
what type of information 
was being transmitted? Very 
interesting weather charts 
and satellite photographs 
are transmitted by various 
services continuously. These 
charts will allow you to an¬ 
swer pertinent questions 
such as: Will it snow on 
Kamchatka today?, Is the 
Gulf Stream changing its 
path?, or Should I take my 
umbrella to work tomorrow? 

If you happen to have an 
Atari computer system 
available, using the circuit 
and computer program de¬ 
scribed here you will be able 
to receive and display these 
facsimile signals. The re¬ 
ceived charts are displayed 
on the computer's monitor 
or TV screen and are roughly 


two displays wide and three 
displays long. A joystick is 
used to scroll the screen 
around the chart. 

The components of this 
system are: a good-quality 
communications receiver 
with SSB capability, a sim¬ 
ple tone-detector circuit, an 
Atari 800 computer system, 
and the computer program, 
VISIFAX. 

Capabilities 

This system will properly 
display facsimile signals 
sent at a rate of 120 or 60 
lines per minute (LPM). 
These rates (particularly 120 
LPM) are used by most com¬ 
monly heard stations. 

The computer samples 
each received line a nominal 
480 times and can display 
512 lines horizontally. While 
this resolution can give good 
results, it is less than 50% of 
the resolution transmitted. 
Also, gray tones are not 


used. Thus this system is 
more suitable for high-con¬ 
trast, large-format weather 
charts than for satellite pic¬ 
tures and similar charts with 
much fine detail. 

Figs. 2 through 4 are sam¬ 
ples of charts that I have re¬ 
ceived at my location and 
are representative of the sys¬ 
tem's capabilities. 

Receiver Requirements 

The receiver that you use 
should be a stable, good- 
quality general-coverage re¬ 
ceiver with SSB capability. If 
your receiver provides ac¬ 
ceptable ease of tuning and 
frequency stability for SSB 
voice signals, it shou Id be us¬ 
able for facsimile reception. 
I have used a Yaesu FRG-7 
and a Sony ICF6500W with 
good results. 

The Tone Detector 

The tone detector is a sim¬ 
ple circuit that connects be¬ 




tween the receiver audio 
output and joystick port 2 of 
the computer. The detector 
converts the facsimile tones 
to TTL pulses that the com¬ 
puter can use. The circuit is 
shown in Fig. 1. 

The circuit is based on the 
XR2211 integrated circuit 
used as a tone detector. R1 
and Cl determine the detec¬ 
tor's frequency, and R2 is 
used to adjust for the sharp¬ 
est detail as a chart is being 
received. The LED serves as 
a simple but effective tuning 
indicator. The circuit re¬ 
quires only 5 volts of power, 
which is taken from the 
computer. 

The parts may all be ob¬ 
tained from local outlets. 
The construction methods 
used are not critical. I even¬ 
tually added a few compo¬ 
nents to allow me to use the 
same basic circuit for CW re¬ 
ception. 

The Computer System 

The Atari 800 computer 
and the VISIFAX program 
are the heart of the system 
and control all aspects of 
reading and displaying fac¬ 
simile charts. The program is 
written entirely in assembly 
language and is not shown 
here because of its length 
(about 30 pages). It is a com¬ 
plex program that uses sev¬ 
eral of the Atari's sophisti¬ 
cated capabilities to do the 
job at hand. The computer is 
required to have 48K of 
RAM because of the size of 





Fig. 2. COES satellite picture as copied on 8080 kHz. Major 
cloud cover areas and fronts are readily observed. 
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Fig. 3. Test chart copied from NAM on 8080 kHz. A good 
example of the resolution capabilities of this system. 


the chart. A disk is required 
only to load in the program. 
An optional printer may be 
used to produce a hard copy 
of the received chart and 
was used to produce the 
charts that accompany this 
article. 

VISIFAX At Work 

VISIFAX begins by initial¬ 
ing for operation, which in¬ 
cludes setting up the Atari's 
hardware timer #4 to inter¬ 
rupt to sample line data and 
plot it 480 times per line or 
960 times per second. 

Next, the program will 
check the joystick plugged 
into port one of the com¬ 
puter to see if the displayed 
chart is to be scrolled on the 
screen. The scrolling effect 
is accomplished by manipu¬ 
lating the computer's dis¬ 
play list. 

Finally, the program 
checks to see if a keyboard 
key has been pressed. If so, 
its corresponding command 
is performed. 

The computer screen in¬ 
cludes two lines of text at 
the bottom. These two lines 
display the available com¬ 
mands and certain status 
information. To invoke a 
particular command, only 
its first letter must be 
pressed. Any command may 
be used at any time. The 
commands are: 

RESET: An R will start the 
process of displaying a 
chart The chart is displayed 
as received from left to right 


and from the bottom to the 
top (so most charts are 
viewed normally.. .without 
your having to stand on your 
head!). Pressing the R again 
will reset the displayed chart 
to the left of the screen with¬ 
out altering the synchroni¬ 
zation. 

SYNC: An S will have the 
effect of displaying subse¬ 
quent received lines down 
the display about one-half 
inch. This command should 
be used as required to prop¬ 
erly center the received 
chart. Most stations precede 
charts with a short period of 
synchronizing lines that may 
be used for centering. 

LINE-SKIP: An L will in¬ 
crement the number of re¬ 
ceived lines to skip between 
displayed lines. This feature 
will allow compressing of 
the received chart horizon¬ 
tally, fitting more of it onto 
the computer's screen. I find 
that a LINE-SKIP count of 1 
is used most often. 

MODE: An M will step 
through the three possible 
modes of operation. The 
present mode is shown on 
the screen's bottom line. 
Mode "one" indicates that 
the chart will be received 
and the process will com¬ 
plete when the right-most 
line is displayed. Mode 
"cont" allows the continu¬ 
ous display of charts, with 
one overlapping the last. 
Mode "wait" halts the dis¬ 
play of any more received 
lines but does maintain syn¬ 


chronization. This feature 
may be useful to eliminate 
unwanted sections of a 
known chart. 

PRINT: A P may be used 
to print a copy of the present 
chart on a Gemini 10X 
printer. The eight-by-eight- 
inch chart will require about 
three minutes to print. To 
abort the printing process, 
enter another P. 

LPM: A 1 or 2 may be en¬ 
tered to select the desired re¬ 
ceived LPM rate. A 1 will 
select one line per second 
(60 LPM), while a 2 will se¬ 
lect two lines per second 
(120 LPM). 

Finally, the right portion 
of the bottom line of the 
screen indicates the present 
number of rows (or pixels 
per received line) and the 
amount of time between 
samples, both shown as 
hexadecimal numbers. The 
<,>,+, or - keys may be 
used to increment or decre¬ 
ment these values. This may 
be required to fine tune your 
computer to synchronize 
with the received chart. 

How To Use the System 

Before starting up your 
computer, make sure all car¬ 
tridges are removed. If you 
have an 800XL computer, 
hold down the OPTION but¬ 
ton while powering on to 
make sure that Basic is out 


of the way. 800XL owners 
will also have to load in the 
TRANSLATOR disk before 
loading in VISIFAX. After 
booting, use Atari DOS op¬ 
tion L to load and start your 
copy of VISIFAX. 

Fire up your receiver and 
then connect its audio out¬ 
put to the tone detector's in¬ 
put and the tone detector's 
output to joystick port 2 on 
the computer. Tune in a 
strong facsimile signal until 
its characteristic "screech 
screech" sound is of a me¬ 
dium pitch. Then adjust the 
detector's TUNE control un¬ 
til the tuning LED blinks in 
time with the audio. 

Press R on the keyboard 
to start displaying the chart. 
Use the S and R keys as re¬ 
quired to properly position 
the chart vertically on the 
display. Fine tune to get the 
sharpest picture. 

Except when printing a 
chart, the joystick may be 
used at all times to scroll the 
received chart around the 
display 

Where To Tune 

By far the best facsimile 
signals at my location are 
from the Naval Eastern 
Oceanography Center 
(NAM) on 3357,8080,10,865, 
16,410, and 20,225 kHz, 
Weather charts and satellite 
photographs of all types are 
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broadcast nearly continu- tector and program changes 
ously, could result in improved 

Canadian station CFH out charts There is a lot of room 
of Halifax, Nova Scotia, on for experimentation and im- 
4217, 6330, 10,536, and provements I would enjoy 
13,520 kHz also puts out hearing from anyone who 
good facsimile signals CFH has made any of these, or 
usually broadcasts one or other, modifications, 
two charts for the first 15 to The Atari Editor/Assem- 
30 minutes of each hour. bier cartridge was used 

I have also heard and to develop VISIFAX. The 
printed charts from a num- source-code file should be 
ber of other stations. Try compatible (with a few mi- 
7640, 7670, 9400, 10,400, nor modifications) with any 
12,125, 14,435, 14,5'"' 6502 assembler you might 

14,610, and 14,737 kHz happen to have 

Where To From Here Where To Get the Program 

Several improvements to For a fee of $5.00 to cover 
VISIFAX jump to mind. A my expenses, I will send you 
nice feature would be saving an Atari DOS 2.0S formatted 
and restoring charts from diskette (containing the 
disk. Sometimes a chart is VISIFAX program in source, 
received without proper syn- object, and listing forms), 
chronization, resulting in a the tone-detector sche- 
chart that is split horizon- matic, and other various 
tally, vertically, or both. An notes. I cannot accept any 
option could be provided CODs or credit cards. The 
that would allow manipulat- package is available from 
ing a received chart to me at the address given at 
straighten out the chart A the beginning of this arti- 
more sophisticated tone de- cle ■ 
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Dave Miller K9POX 
7462 Lawler Avenue 
Nilei IL 60646 


NOAA's 2m UFO 

Your weather radio is a great signal source on 145.8 MHz. 
K9POX explains why. 


N o, not the kind that 
shuttled ET to Earth, 
but Unidentified Formidable 
Oscillations that can cause 
your synthesized scanning 
transceiver to always stop at 
a certain frequency. There's 
a strong carrier present with 
no modulation, and it can't 
be heard at your friend's 
house just a block away! 
With all of the gadgets and 
gizmos available today 
ready and willing to present 
potential interference prob¬ 
lems on our ham bands 
(computers, video games, 
VCRs, etc ), I recently ran 
across yet another very 


strong source, right in the 
middle of our precious two- 
meter band. I don't know if 
anything has been previ¬ 
ously written on this one; if 
so. I've not seen it anywhere, 
so here goes! 

As most hams are no 
doubt aware, our federal 
government sponsors a net¬ 
work of very useful VHF ra¬ 
dio stations in the 162-MHz 
portion of the spectrum 
known as the NOAA weath¬ 
er radio system. The Na¬ 
tional Oceanic and Atmos¬ 
pheric Administration 
(NOAA) supports these sta¬ 
tions with staff and funding 


to provide excellent, up-to- 
date weather information 24 
hours a day for a given geo¬ 
graphical area. 

The stations are very help¬ 
ful to private pilots, boaters, 
the farming community, 
out-of-doors tradesmen, and 
much of the remaining pub¬ 
lic in general. For a while 
there was some talk of ter¬ 
minating NOAA weather ra¬ 
dio for reasons of economy 
(budget cutting), but the lat¬ 
est word seems to be that 
the service will continue as 
it has in the past...thank 
goodness. 

NOAA weather radio 
provides another service for 
those who wish to avail 
themselves of it, i.e., an 
automatic-tone-alerting fea¬ 
ture during times of poten¬ 
tially dangerous conditions. 
NOAA will transmit a steady 
audio tone of 1,050 Hz (for 
10 seconds or so) to auto¬ 
matically trigger a siren-like 
signal and/or turn up the vol¬ 
ume on an "alerting" model 
receiver to warn the owner 
of dangerous conditions and 
allow him or her tjme to 
"batten down the hatches" 
This is obviously a very use¬ 
ful feature to have, but you 
must leave the radio on and 
in stand-by at all times. 


which is not a particular 
problem today with very 
low-current-drain, reliable, 
solid-state receivers. 

Now that the background 
has been sketched in, let's 
take a look at the problem 
that was promised in the be¬ 
ginning of the article. Most 
of the better weather radios 
(especially those with the 
alerting feature) are quartz- 
crystal-controlled units. 
Many have more than one 
switch-selectable channel, 
each crystal controlled, with 
two i-fs (high and low) each 
with crystal-controlled local 
oscillators, and all done with 
one crystal. 

Being the curious type 
that I am, I had to find out 
how they did all of this with 
just one silly crystal, and Fig. 
1 is the block diagram of 
what I found out. Three of 
the weather radios that I 
have (each of different man¬ 
ufacture) use the very clever 
scheme of Fig. 1 and offer 
three switch-selectable 
channels on 162.55,162.475, 
and 162.40 MHz. Beginning 
with the middle channel of 
162.475 MHz, a 16.2020- 
MHz crystal is used to con¬ 
trol oscillator Q3 by ground¬ 
ing the "low” end of the 
crystal itself. This 16.2020- 
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MHz signal is then multi¬ 
plied by 9 to 145.8180 MHz 
and mixed in Q2 with the 
amplified incoming NOAA 
frequency of 162.475 MHz. 
The difference signal of 
16.6570 MHz (1st i-f) is then 
mixed with the original 
16.2020-MHz crystal fre¬ 
quency in Q5 to produce a 
difference frequency of .455 
MHz or the 455-kHz 2nd i-f 
The 455-kHz 2nd i-f is then 
further filtered, amplified, 
and de-modulated to pro¬ 
duce an audio output from 
the receiver.. .clever, eh? 

A similar scheme is used 
for the162.55-MHz channel, 
but in this case the 16.2020 
crystal has a trimmer capac¬ 
itor inserted between its 
"low" end and ground. This 
has the effect of raising the 
natural resonant frequency 
of the crystal from 16.2020 
to 16.2095 MHz, which 
when multiplied by 9 pro¬ 
duces 145.8855 MHz, which 
is beat with the incoming 
162,55 MHz to produce a 1 st 
i-f of 16.6645 MHz, which is 
beat again with 16.2095 
MHz to produce a 455-kHz 
2nd i-f. 

The last channel (NOAA 
frequency 162.40 MHz) has 
an inductance between the 
"low" end of the 16.2020- 
MHz crystal and ground, 
which lowers the natural fre¬ 
quency. The crystal now 
puts out16.1945 MHz, times 
9 to 145 7505 MHz, beat 
with 162.40 MHz to produce 
a 1st i-f of 16.6495 MHz, 
beaf again with 16.1945 
MHz to produce a 2nd i-f of 
455 kHz once,again. Notice 
that the 2nd i-f is always 455 
kHz, but that the 1st i-f is 
16 657, 16.6645. or 16.6495 
MHz. The 1st i-f is a single 
stage and is rather broadly 
tuned to accommodate this 
spread of frequencies. Very 
clever, indeed! 

You've undoubtedly al¬ 
ready noticed that the 1st i-f 
local-oscillator output falls 
in the high 145-MHz re¬ 
gion... right in the middle 
of our 2-meter ham band! 
That, of course, is the prob¬ 
lem, Fig. 2 shows the various 
possible NOAA weather 


NOAA NOAA 

Channel Frequency 

1 162.550 

2 162.400 

3 162.475 

4 162.425 

5 162.450 

6 162.500 

7 162.525 


Crystal 

Fundamental 

16.2095 

16.1945 

16.2020 

16.1970 

16.1995 

16.2045 

16.2070 


All frequencies shown are in MHz. 


Fig. 2. NOAA frequencies. 


Multiplied 

Frequency 

145.8855 

145.7505 

145.8180 

145.7730 

145.7955 

145.8405 

145.8630 


channels (1 to 7), their actual 
frequencies, the fundamen¬ 
tal crystal 16-MHz fre¬ 
quency, and the 145-MHz 
product of multiplying that 
frequency by nine. 

As can be seen, the 2-me¬ 
ter product can range any¬ 
where from 145.773 to 
145.8855 MHz, depending 
upon which channel the 
weather radio is tuned to, 
theoretically. I say theoreti¬ 
cally because the actual fre¬ 
quency depends entirely 
upon how accurately the 
crystal at 16 MHz is tuned in 
the individual weather ra¬ 
dio. I've found the crystal 
fundamental to be off by as 
much as 1 kHz, which would 
translate into a 9-kHz differ¬ 
ence from the 145-MHz fre¬ 
quencies shown in Fig. 2. 
Don't be too surprised at 
this, because the error can 
be compensated for by de¬ 
tuning the i-f stages in the 
weather radio from the 
"standard" shown without 
much loss of sensitivity. 

As an example, suppose 
that the 16.2020-MHz crys¬ 
tal for receiving NOAA on 
162.475 MHz was actually 
16.2021 MHz (1 kHz higher). 
The 16.2021 multiplied by 9 
would yield 145.809 MHz, 
which, subtracted from 
162.475 MHz, gives a 1st i-f 
of 16.666 MHz; subtracting 
16.2021 results in a 2nd i-f of 
465 kHz instead of 455 kHz. 
If the 2nd i-f chain were de¬ 
tuned slightly somewhere 
between 455 and 465 kHz, 
the sensitivity of the weath¬ 
er radio would still be quite 
acceptable, but the 2-meter 
band product would be 9 
kHz down from where you 
might expect to find it. 
You're welcome to calculate 


the rest of the possibilities 
for yourself if you wish. By 
the way, the formula for 
determining the crystal fre¬ 
quency is: Crystal Frequen¬ 
cy = (Receive Frequency - 
455V10. All frequencies are, 
of course, in MHz. 

Now you might be won¬ 
dering how the 1st i-f local- 
oscillator (X9) product can 
cause any trouble at 145 
MHz more than a few inches 
away from the weather ra¬ 
dio. It shouldn't, of course, 
but after all, this is the real 
world! 

I invite you to try it if 
you're at all skeptical. Just 
go into a store that sells 
weather radios, armed with 
your nifty synthesized HT, 
and ask to demo one of the 
sets. The Radio Shack 12-154 
is a good candidate. I'm not 
picking on this receiver. In 
fact, I'm very pleased with 
the sensitivity and perfor¬ 
mance of mine, but it does 
put out a very formidable 
oscillation on 145 MHz; so 
do other brands. 

Radio Shack stores are lo¬ 
cated all over the country 
and are usually very willing 
to give a demo of their prod¬ 
ucts to the customer. So 
there, no excuse! I haven't 
really tried to "clean up" a 
weather radio to reduce this 
formidable oscillation in the 
2-meter band (it's no longer 
unidentified), but I would 
suspect that it could be at 
least reduced if someone 
wants to try (and hopefully 
write a follow-up article to 
this one). 

A good place to start 
would be to install a series- 
resonant trap right in the an¬ 
tenna lead close to the rf 
amp input and tuned to 
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145 80 MHz. I suspect that 
there is a fair amount of 
local-oscillator leakage 
around the rf amp and up 
the antenna itself. This idea 
worked quite well on a cord¬ 
less telephone whose local- 
oscillator 2nd harmonic, 
39.130 MHz x 2 (78 26 
MHz), was creating a good 
bit of TVI on TV Channel 5 
(76 to 82 MHz) and interfer¬ 
ing with any nearby TV sets. 

Other approaches to the 
weather-radio radiation 
problem might include bet¬ 
ter rf bypassing (with .001-uF 
disc caps) on the dc lines, 
ferrite beads on the various 
unshielded wires inside to 
discourage them from being 
"antennas," painting a con¬ 
ductive coating on the in¬ 
side of the plastic cabinet, 
etc. All of these suggestions 
will most probably help to 
some extent, and the sum to¬ 
tal could be surprisingly ef¬ 
fective. 

Of course, you can al¬ 
ways unplug the weather ra¬ 
dio (a sure cure) if it's yours. 
If it's in a neighbor's home, 
then it's time to become a 
diplomat. Let us all know 
your negotiating secrets. 
Then there is always the 
bright side of the picture: 
The 145.8855-MHz signal 
makes a dandy marker for a 
quick check of your 2-meter 
receiver's sensitivity. In fact, 
you can put your battery-op¬ 
erated (most have this fea¬ 
ture) weather radio out in 
the backyard with a metal 
pail over it for a pretty de¬ 
cent "weak signal" source 
for tuning up your 2-meter 
receiver (adjust pail for de¬ 
sired signal strength). It's 
best to do this after dark so 
that no one will question 
your actions. 

I haven't yet mentioned 
the fourth weather radio 
that I have that uses a 
49 990-MHz crystal and 
makes a great 6-meter 
lower-band-edge marker 
with just a slight retuning. 

Maybe some clouds ac¬ 
tually do have silver linings. 

I guess it all depends upon 
your objectives and ap¬ 
proach. ■ 
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Marc Stern N1BLH 
c/o 73 Magazine 
Peterborough NH 03458 


Secrets of Cellular Radio 

Take a guided tour behind the scenes 
of our newest repeater technology. 


W hat would happen if 
you set up a network 
of transceivers, linked them 
via a twisted-pair loop, con¬ 
trolled the whole setup with 
a master station, used poll¬ 
ing and diversity reception, 
relied on FM capture and 
low power, and put it all at 
UHF? 

Would you be: (A) estab¬ 
lishing a sophisticated re¬ 
peater network; (B) estab¬ 
lishing a sophisticated auxil¬ 
iary system; (C) establishing 



Fig. 7 . The NYNEX Mobile 
Communications''" mobile 
telephone. (Courtesy of NY¬ 
NEX) 


a cellular phone system, or 
(D) none of the above? 

The answer to this ques¬ 
tion is (C) although it does 
sound as if you are setting 
up either a sophisticated 
repeater or auxiliary com¬ 
munications system be¬ 
cause that's essentially what 
the newest mobile-telecom¬ 
munications system actually 
is. The nationwide network 
of commercial mobile-cellu¬ 
lar systems now rapidly 
being established is little 
more than a series of UHF re¬ 
peaters tied together by a 
twisted-pair loop and con¬ 
trolled by a computerized 
master station or mobile- 
telephone switching office 

Today’s cellular commu¬ 
nications system grew out of 
a test which was set up in 
Chicago in the 1970s. That 
system, called the Advance 
Mobile Phone System, was a 
test bed where the concepts 
now central to the cellular 
phone system were proven. 
Using a special Federal Com¬ 
munications Commission 
authorization, American 
Telephone & Telegraph 
(which controlled the Chi- 
cago-area telephone-operat¬ 
ing company at the time) 
used frequencies in the 800- 


MHz spectrum to prove a 
cellular system would work. 

The aim of the system was 
to end the overcrowding and 
limited access to the con¬ 
ventional VHF mobile- 
phone system which could 
accommodate only 1,200 
users per market and which 
created long waiting lists for 
new subscribers. (The con¬ 
ventional system relies on 
one high-powered transmit¬ 
ter and receiver at a central 
location; all the mobile 
phones in an area talk 
through it. Because the num¬ 
ber of frequencies available 
was limited, there was little 
room for more than a few 
conversations. The cellular 
system ends this.) 

Cellular mobile commu¬ 
nication takes advantage of 
two concepts which have 
been known in amateur ra¬ 
dio circles for a number of 
years: capture effect and 
low power. Both interplay in 
the cellular system, so spec¬ 
trum is much more effi¬ 
ciently reused and the 
number of users on a typical 
system can increase dramat¬ 
ically—by a factor of 100 or 
more. 

The way this works is sim¬ 
ple. The typical cellular 


mobile phone puts out 
somewhere between one 
and five Watts, depending 
on conditions. A micropro¬ 
cessor inside the phone unit 
communicates digitally with 
a computer at a cell site's 
fixed transceiver to deter¬ 
mine the output needed for 
reliable communication. 
Typically, this output is 
somewhere around three 
Watts, although it can drop 
dramatically as the mobile 
unit approaches the fixed 
site. Whatever the amount 
of power, though, it is 
enough to capture the front 
end of the fixed transceiver 
on whatever frequency pair 
may be accessed by the 
computers. (The actual 
choice of frequencies is left 
to the microprocessors. They 
search their particular range 
of transmit and receive fre¬ 
quencies for an open pair 
and then establish a link be¬ 
tween the mobile unit and 
the cell site) 

Because the front end of 
the cell-site transceiver is 
captured, the radio 'hears" 
only the particular radio 
with which it is communi¬ 
cating and no others Here's 
where the interplay between 
capture and low power 
takes place. Because the 
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unit is operating on low 
power, neighboring cell 
sites—more about that in a 
few minutes —will not hear 
the conversation which is 
going on between the mo¬ 
bile and the fixed site. This 
enables the same pair of fre¬ 
quencies to be reused in a 
neighboring cell site, where 
another mobile unit will 
capture and hold them. All 
this is done without the user 
knowing it's going on. 

(Actually, this is a simpli¬ 
fied picture of what is going 
on with the cellular mobile 
phone system, but it does 
show how concepts we 
know about are applied in 
other radio services, of 
which the cellular system is 

To define the exact nature 
of the cellular phone system, 
picture a map of your city 
and then overlay a honey¬ 
comb pattern of six-sided 
cells on that map. This is the 
cellular system. Each cell 
has a fixed transceiver site at 
its center The fixed-site 
transceivers are, in turn, con¬ 
nected by wireline link to a 
computerized master site— 
the mobile-telephone switch¬ 
ing office (MTSO). The entire 
system is I inked by the MT SO 
to the rest of the phone sys- 

Why were six-sided cells 
chosen? It was an arbitrary 
decision made when the sys¬ 
tem was under development 
in Chicago. The actual shape 
of a cell can be just about 
anything and is as much 
guided by local terrain as 
anything else. The size of a 
typical cell is also arbitrary 
and will change over time as 
the system gains more and 
more users. The reason the 
size will change is another of 
the advantages of the cellu¬ 
lar system. 

To accommodate a grow¬ 
ing number of users, the size 
of a cell pattern can be cut 
and more cell-site transceiv¬ 
ers added. As this is happen¬ 
ing, the power levels used 
throughout the system will 
be cut accordingly so that 
more units can use the sys¬ 


tem without interfering with 
one another. 

Since there is so much 
spectrum available and 
since the power levels will be 
very low, there will be little 
or no interference between 
units. Units which may be at- 
tempting to access a fre¬ 
quency pair that is in use and 
which may be on the fringes 
of a cell just won't be heard 
by the cellular system be¬ 
cause stronger units will 
have captured it. These units 
will have to wait until their 
signals are at quality levels 
where the system will accept 
them As you can see, then, 
the cellular system is de¬ 
signed to collapse in on itself 
to be able to increase the 
number of users. 

This system works on fre¬ 
quencies in the 800-MHz 
spectrum The FCC allo¬ 
cated about 40 MHz of band 
space, so this service can 
provide as many as 666 
channels for full-duplex 
communication in a given 
area. Thanks to low power 
and FM capture effect, one 
cell can support 333 calls at 
any one moment, as a neigh¬ 
boring cell also handles 333 
calls. 

To understand better how 
this system works, let's sup¬ 
pose that you are the person 
using a cellular phone and 
you are placing a call. When 
you first pick up the handset, 
a digital signal is sent from a 
microprocessor in the mo¬ 
bile unit to the nearest cell's 
central transceiver. That sig¬ 
nal says, in effect. "Hey, 
wake up, I want to make a 
call" Within milliseconds, 
the cell site says, "Okay, wait 
a minute," and the micro¬ 
computers begin searching 
for an open frequency pair. 
The lower frequency (845 
MHz, for instance) is used 
for transmit and the upper 
frequency (872.3 MHz, or 
whatever) is used for re¬ 
ceive. When open frequen¬ 
cies are found, the cell-site 
transceiver sends a signal 
back to the mobile unit tell¬ 
ing it to begin the call. 

The next thing you hear in 


Fig.2. Motorola's Dyna T»A»C base station. (Courtesy of Mo¬ 
torola) 


the handset is the dial toner 
you can dial the number you 
want, and the call is placed. 
As the call progresses, both 
the cell-site transceiver and 


the mobile unit are in con¬ 
stant communication, well 
below the carrier, in a digital 
mode. Some of this commu¬ 
nication is regarding billing, 


Fig. 3. The Boston Cellular Geographic Service Area (CCSA), 
where NYNEX Mobile Communications Company initially 
provides cellular mobile phone service. The area covers 
about 7,800 square miles, has an estimated population of 3.6 
million, and services area code 617. NYNEX plans to expand 
the coverage area to include New Bedford, Worcester, and 
Springfield, Massachusetts, and Providence, Rhode Island. 
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Fig. 4. Conventional mobile-telephone service uses one cen¬ 
tral base station to transmit a powerful radio signal over an 
area up to 50 miles in diameter. Only one two-way conver¬ 
sation at one time can be conducted over a given channel 
anywhere in the coverage area, and the number of channels 
is limited. This process restricts service availability and in¬ 
creases chances that a call will be blocked. 


Fig. 5. Cellular mobile-telephone service is provided 
through a system composed of three major elements: cell 
sites, a mobile-telephone switching office (M TSO), and ded¬ 
icated interconnecting circuits. The cellular system is di¬ 
vided into smaller geographic areas called cells. Adjacent 
cells are assigned different sets of frequencies. Cells suffi¬ 
ciently far apart can use the same frequencies simulta¬ 
neously. This permits the reuse of a single channel many 
times within a given service area, allowing hundreds of con¬ 
versations to occur at once. 


while much of it is about sig¬ 
nal strength and quality. 

Let's say you are moving 
away from the cell-site trans¬ 
ceiver. As you do, the cell- 
site transceiver, which is 
watching the signal strength, 
senses that the gap is widen¬ 
ing between the mobile unit 
and the central site. As the 
gap widens, it sends a com¬ 
mand to the mobile unit to 
increase its power output, to 
which the mobile unit re¬ 
sponds. The system tries to 
maintain a quality ratio of 
17-dBC/l and a signal quality 
level of 18-dB C/N. As the 
gap widens further, the cell 
site orders the mobile unit to 
further increase its power, to 
which the mobile unit re¬ 
sponds again. This will con¬ 
tinue happening until the 
cell site learns the mobile 
unit is transmitting at full 
power. 

Now let's say you con¬ 
tinue moving away from the 
cell site, and even with max¬ 
imum power the signal qual¬ 
ity begins to drop. At this 
point, the cell site performs 
another of its chores. The en¬ 
tire cellular system is polled 
digitally as a new path is 
sought for your call. When 
that path is found the call is 
switched within 50 millisec¬ 
onds. The switch is so fast 
that the normal user will 
never know it has happened. 

The handoff, the switch 
from cell A to cell B, is ac¬ 
tually more complicated 
than it looks—on a digital 


level, at least. The mobile 
unit must not only switch 
from cell A to cell B while 
keeping the signal quality 
up, but also it may have to 
switch frequencies to a new 
pair because the original pair 
on which the call was estab¬ 
lished in cell A may be in use 
in cell B. The transceiver 
may not only make the jump 
between sites but also be¬ 
tween frequencies. The mi¬ 
croprocessor inside the 
phone is usually extremely 
busy, therefore, at all times. 

As you can see, frequency 
agility is built into this sys¬ 
tem; it is a function of the 
digital electronics used for 
control. But the cellular sys¬ 
tem isn't totally digital in na¬ 
ture because it relies on 
radio-frequency basics with 
which we are familiar. We've 
already noted how the UHF 
cellular system takes advan¬ 
tage of capture effect and 
low power, but we haven't 
noted how it takes advan¬ 
tage of diversity reception. 

If you were to look at the 
typical cell-site antenna 
tower, you would see not 
one antenna but three, six, or 
more, arranged in a triangle. 
These antennas are handling 
not only transmission but 
also reception, and the cell 
site monitors all of them. As 
you travel through a cell dur¬ 
ing your call, the cell-site 
transceiver watches the re¬ 
ceived signal strength on all 
its antennas. It routinely 
polls those antennas to see 


where the strongest signal is, 
and when it finds the stron¬ 
gest signal it uses that an¬ 
tenna for operation. 

If you were to watch the 
cell site as you move along, 
you would see the signal 
moving from antenna to an¬ 
tenna as your position 
changed. From this you can 
see that although digital 
polling is used the system is 
still turning to the best an¬ 
tenna among many for re¬ 
ception, for "diversity 
reception." I grant you that it 
may not be total diversity re¬ 
ception since only one re¬ 
ceiver is used and digital 
electronics takes the place 
of the others needed, but it's 
a modern equivalent, to say 
the least. 

By now you probably 
have noticed that both the 
mobile unit and the cell-site 
transceiver are very capable 
units. Not only must they 
handle such mundane 
chores as identification and 
billing information, but they 
also must handle establish¬ 
ing the proper frequencies 
and setting proper power 
levels. The system is made 
up of a number of fre¬ 
quency-agile units. The cell- 
site transceiver is even more 
capable because it must not 
only handle these functions 
but also monitor the mobile 
unit's location, bearing, and 


direction from the cell site, 
to determine which antenna 
is best or whether it's time to 
ask for a handoff to the next 
site. It's quite a system, and 
it wouldn't have been possi¬ 
ble without the modern mi¬ 
croprocessor. 

The system does suffer 
from the various problems 
long known to avid VFIF and 
UHFers, of course, signal 
loss, multipath, and reflec¬ 
tion. However, the micro¬ 
computers in the system are 
programmed to handle this. 
Further, since the frequency 
spectrum where the system 
is located is very much line- 
of-sight, its range can be lim¬ 
ited if the cell site's antenna 
isn't in an optimum location. 
Still, it manages to overcome 
these obstacles to provide 
reliable communications to 
hundreds of thousands of 
users across the country No 
longer is a mobile radiotele¬ 
phone a symbol of an elite 
class of users, because cel¬ 
lular radiotelephone opens 
this realm to just about any¬ 
one. 

What does this all mean 
for us? For one thing, it likely 
points to the route equip¬ 
ment will be following dur¬ 
ing the next few years. 
Looking at the cellular sys¬ 
tem from strictly a mobile 
standpoint, you will find the 
units to be frequency-agile 
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Fig. 6. Cellular handoff makes mobile communications pos¬ 
sible and helps ensure service quality. As a customer with a 
call in progress moves from cell to cell, electronic equip¬ 
ment in the mobile-telephone switching office automati¬ 
cally transfers or "hands off " the call to the next cell site. 
There are no apparent changes in voice transmission qual¬ 
ity, and the call continues uninterrupted. 


FM transceivers which are 
capable of increasing or de¬ 
creasing their power levels 
automatically. Some of the 
units on the market also 
have memory-dialing capa¬ 
bility, being able to store 10 
or more commonly-called 
numbers, and most of them 
can be programmed with se¬ 
curity passwords and other 
goodies. And, you will find 
as you look at the equipment 
available, that not only are 
more traditional mobile 
phones available, but there 
also are hand-held portables 
available. 

Imagine, then, what will 
happen when local repeaters 
are able to control power- 
output levels and when you 
can store needed informa¬ 
tion in your mobile rigl Lev¬ 
els of local splatter and 
QRM will certainly come 
down, and it will make the 
mobile rig more convenient 
to operate, especially 
through the phone patch. 
Further, imagine what it will 
mean when we can link a 


network of repeaters into a 
cellular format routinely. 
Mobile units will be able to 
carry on reliable communi¬ 
cations not just for 50 miles, 
but, potentially, for hun¬ 
dreds of miles. Also, imagine 
if we tap the direction-find¬ 
ing capabilities of a cellular 
system. It will help us keep 
our own spectrum cleaner, 
also. And these are just a few 
of the possible uses of cellu¬ 


lar technology. It's quite 
likely our experimentation 
will lead to many more. 

In the near term, though, 
the cellular radiotelephone 
system has immediate im¬ 
pact on the 900-MHz band 
which will be opening to us. 
If you look through the 
pages of any current ama¬ 
teur publication, you will see 
rigs for 2 meters, 220 MHz, 
440 MHz, and even 1296— 


but not for 902-928. Since the 
cellular system operates just 
below our spectrum — it tops 
out at about 895 MHz-it 
won't be too hard to retune 
cellular mobile units for our 
own use and it won't be hard 
to retune base-site units for 
repeater use Of course, it 
will be some time before 
these units are available in 
traditional used-equipment 
channels, but when they are 
it will mean an exciting new 
technological opportunity. 

Finally, the cellular radio, 
with its emphasis on low 
power and spectrum reuse, 
will likely mean some new 
concepts for us. Instead of 
using QRO all the time we'll 
need only the amount of 
power, at any given mo¬ 
ment, for reliable communi¬ 
cations. If a cellular-like 
repeater system is built, 
imagine how many people it 
will be able to support! 

Cellular technology is 
here now and its possibilities 
are exciting. It remains only 
for us to pick up on them.B 
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The Santee Spectacular 

Is your Santee becoming forgetful? Are its batteries 
going soft? No more! Here are two quick mods that 
bring your hand-held to within an inch of perfection. 


I n the October, 1983, issue 
of 73, I described in detail 
the virtues and vices (only 
one vice, actually) of the 
Santee ST-144, -220, and 
-440/uP hand-held radios. 
Good as they are, there is 
room for improvement This 
article describes two bat¬ 
tery-related ideas. The first 
prevents a loss of memory 
when the main battery is re¬ 
moved (or is dead) for ex¬ 
tended periods of time. The 
second is a simple method 
of avoiding nicad "memory," 
the bane of the recharge¬ 
able-battery user. Both will 
work on the new ST-142, 
-222, and -442 also. Let's go. 

Lithium-Battery Backup 

The memory backup sys¬ 


tem in the ST-/uP radios is 
440 uF of capacitance which 
is kept charged as long as 
the battery is connected 
(and kept at a reasonable 
charge level). Disconnect 
the battery and you have 
about thirty seconds to con¬ 
nect a new one, otherwise 
all is lost (meaning the mem¬ 
ories, the scan interval, and 
the clock time). The addi¬ 
tion of a 3-volt lithium bat¬ 
tery and a 1N914-type diode 
will provide many hours of 
memory backup. 

The ideal battery is avail¬ 
able from Allied Electronics, 
catalog number 884-0435. It 
is made in japan by Matsu¬ 
shita (Panasonic here), desig¬ 
nated BR-435, and says it is 
"for electronic fish float" It 


is a small cylinder, 4.19 mm 
(0.165 inches) in diameter by 
35.89 mm (1.413 inches) 
long, with a short wire termi¬ 
nal at one end. The case is 
positive and the protruding 
wire terminal is negative. 
Both the case and the nega¬ 
tive terminal are made of 
aluminum, so you will need 
some Sal-Met™ flux or 
other aluminum soldering 
aid. Caution: Lithium bat¬ 
teries, like a number of 
others, can explode if sub¬ 
jected to high heat. Don't 
use a high-wattage iron or 
gun. A small pencil-tip sol¬ 
dering iron is all you need 
for this job. Fig. 1 shows the 
connections to make. The 
series diode prevents the 
lithium battery from being 
charged by the main battery 

The lithium battery fits in¬ 
side the front cover. To open 
the cover, remove the two 
screws under the back cover 
in the empty space below 
the battery, and the front 
cover can be swung aside on 
its flexible PC connector. The 
connector is pretty durable, 
but care should be used in 
handling the separated pieces 
of the radio. You can pull 
the end of the flexible con¬ 
nector from its socket on the 
main PC board, but be care¬ 
ful not to crease it when re¬ 
moving or reinserting. 

The lithium battery will 
rest above the microproces¬ 


sor PC board, in the slot be¬ 
tween the PC board and the 
top of the cover. Photo A 
shows the placement, with 
the wires toward the center 
of the cover. In order to 
have the battery fit proper¬ 
ly. a small amount of mate¬ 
rial needs to be removed 
from the plastic boss that re¬ 
tains the top of the loud¬ 
speaker. This is easily done 
with the tip of a small sol¬ 
dering iron. Use a tip that is 
close to the same diameter 
as the battery. The battery 
case needs to be insulated 
(shrink tubing is fine, but 
again, watch the heat). 

It is best to connect the 
lithium battery while the 
main battery is in the circuit; 
this avoids possible "crash¬ 
ing" of the microprocessor 
Here's how you do it First, 
connect the positive lead of 
the lithium battery (actually 
the cathode of its series 
diode) to the cathode end of 
D209. To find D209, remove 
the four small Phillips 
screws holding the micro¬ 
processor board and tilt the 
board up on the flexible 
connector Locate C5 (com¬ 
ponent identification is on 
the top side of the board, 
and C5 is one of the two 
220-uF miniature electrolyt¬ 
ic capacitors near the upper 
end). D209 is the diode that 
is connected underneath the 
board to the positive side of 
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C5; in most radios there is 
10k of resistance in parallel 
with D209 You want the end 
of the diode that is not con¬ 
nected to C5, that is, the end 
nearest the loudspeaker 
clearance hole. Some radios 
may have neither D209 nor 
the parallel resistor installed. 
If yours is one of them, just 
connect the positive lithium- 
battery lead to the positive 
lead of C5. Don't connect 
the negative lithium-battery 
lead yet. 

Now, if you unplugged the 
flexible PC from the main 
board, plug it back in. Turn 
on the radio and make sure 
you get the "cold-start" fre¬ 
quency (146.520, 223.500. or 
446 000 MHz, depending on 
the radio). If you don't, dis¬ 
connect the main battery 
for at least 60 seconds, re¬ 
place it, and check again. 
Now turn the radio off (but 
leave the main battery con¬ 
nected) and connect the 
negative lead (case) of the 
lithium battery to the nega¬ 
tive side of C5. The battery 
lead can be soldered to the 
capacitor lead just where it 
enters the board from below 
(using a micro-tip iron). This 
placement will allow you to 
disconnect it (using a fine-tip 
soldering iron) in case there 
is ever a microprocessor 
crash. Turn the radio on 
once more to check for the 
cold-start frequency Now 
put any frequency other 
than the cold-start into 
memory 1 Once more dis¬ 
connect the main battery 
for at least 60 seconds. Re¬ 
connect it and you should 
still see your stored frequen¬ 
cy (if the cold-start frequen¬ 
cy comes back, check your 
lithium-battery connection). 
Replace the microprocessor 
board into the front cover 

In operation with the 
main battery inserted, C5 
and its companion are 
charged to about 6 volts. 
The diode prevents the lithi¬ 
um battery from being 
charged at the same time. 
When the main battery is 
disconnected and the ca¬ 
pacitors discharge below 
about 2.5 volts, the lithium 



Fig. 1. Connections to Mat¬ 
sushita BR-435 lithium back¬ 
up battery. 


battery takes over. So far, 
mine has maintained the 
memories for periods of up 
to 24 hours with a fully dis¬ 
charged main battery. There 
isn't any reason to think it 
won't last longer; I just 
haven't experimented. 

One final word: Should 
the microprocessor ever 
crash or lock up, simply re¬ 
move the main battery, 
open the front cover, and 
disconnect the negative side 
of the lithium battery from 
C5 (which you can do easily 
with a small soldering iron). 
Leave it disconnected long 
enough for memory erasure 
to occur (60 seconds is plen¬ 
ty), then check for the cold- 
start frequency display at 
turn-on. Reconnect the lithi¬ 
um battery 

Battery Discharger 

That's right, discharger. 
This one is for the main bat¬ 
tery. Many articles about ni- 
cad batteries describe the 
"memory" effect that results 
from repeated recharging 
after only partial discharg¬ 
ing. After a few months of 
operating the ST-/uP radios, 

I noted a distinct shortening 
of useful life attributable to 
my tendency to put the bat¬ 
teries on charge as soon as 
the low-battery indicator on 
the radio began to flash. Dis¬ 
charging a fully-charged 
battery into a resistor load 
confirmed my suspicion; at 
a 500-mA discharge rate, 
typical battery life was 40 
minutes to a cell voltage of 
1.0 volt. A new battery took 
more than 60 minutes to 
reach the same point! 

The same articles point 
out that the cure for nicad 
memory is several full dis¬ 
charge/charge cycles. Sure 
enough, after five or six of 
these, battery life increased 
to 62 minutes for one of the 



Fig. 2. Schematic and layout drawings for battery discharger 
(K5VOU version). Dotted lines on the layout diagram indicate 
removed foils; heavy solid lines are added jumpers. 


original batteries and 70 dotted lines and add the 

minutes for the other. jumpers indicated by the 

To maintain battery "for- two heavy lines. Drill holeW 

getfulness," I constructed a (diameter 3.2 mm or 1/8") for 

simple discharger using the mounting the transistor, be- 

"external charge adapter" ing sure to place it so as to 

manufactured by Santee leave enough lead length for 

(designated ST-EC). This is a the transistor leads to reach 

small PC board containing a holes B, C, and E. Mount the 

male dc power jack, a series transistor on the component 

diode, and a battery connec- side and connect its B, C, 
tor. The power jack and and E leads to holes B, C, 
diode are removed and, in and E. Connect a 20-Ohm, 

the simplest possible ver- 5-Watt resistor between X 

sion, a 20Ohm, 5-Watt resis- and Y. Solder a 6.8- or 

tor is placed across the bat- 7.5-volt, 1/2-Watt zener 

tery connector. I added a diode in series with a 330- 

subminiature metering jack Ohm. 1/2-Watt resistor, with 

(with 200 or 300 Ohms of se- the diode anode toward the 

ries resistance to prevent resistor. Insulate the combi- 

shorts when a meter is nation and connect it on the 
plugged in) for easier read- foil side with the diode cath- 
ing of the battery voltage. ode going to hole M and the 
If you leave the simple free end of the resistor to 
discharger connected for hole A. That's it. 

too long a time, there is a When the ST-/uP radio's 
risk of reverse-charging one battery indicator begins 

or more of the cells, al- flashing, replace the battery 
though I have not had this and plug the used one into 

happen to any of my four the discharger for an hour or 

batteries. To eliminate that so before recharging. This 

risk. Tom Gentry K5VOU, will fully dishcarge the bat- 

who is President of En- tery and prevent memoriza- 

comm, the Santee importer, tion. Caution: the discharge 

suggested the circuit shown resistor and the transistor in 

in Fig. 2. I constructed this Gentry's circuit get hot for 

on the external charge- a while; don't let the dis- 

adapter PC board, using charger touch anything 

Radio Shack parts and the flammable, 

layout in Fig. 2. The circuit The battery-related modi- 
stops discharging the bat- fications described in this ar¬ 
tery when the zener voltage tide will add to your Santee 

is reached. Referring to Fig. operating pleasure The 

2, remove the diode from time between battery re¬ 
holes M and N and the plas- chargings will stay at its orig- 

tic battery-charger socket inal figure, and if you over- 

from A, C, and E. Leave the do it and absolutely kill the 

white plastic battery con- battery, at least you won't 

nector and its pins. Cut away lose all the memory infor- 

the foils as shown by the mation. Have fun!■ 
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Saga of the Willie Wand 

W5RRH learned a new technique while building this 
6-element 2m beam. It's called cut and try and try and try. 


Ed Mahoney W5RRH 
3008 S Norwood 
Tulsa OK 74114 


I t probably would be bet¬ 
ter to name this article 
"Willie," since it contains as 
much information about 
him as it does about his an¬ 
tenna, which I named the 
"Willie Wand Special " 
Willie W5FXP is one of 
those unique individuals 
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that you have the pleasure 
of knowing only once in a 
lifetime. He first entered my 
circle of awareness as an in¬ 
structor at the technical 
school I decided to attend 
about 35 years ago. One of 
the subjects he taught was 
antennas. It was hard not to 
absorb some of his theoreti¬ 
cal and practical knowledge 
about antennas, since he en¬ 
tered into the task of beating 
some smarts into those 
dumb students with his 
usual enthusiasm. 

It was at this time that I 
managed to become an am¬ 


ateur-radio operator—again 
largely due to Willie's enthu¬ 
siasm for the hobby. Willie 
had been a ham for 15 years, 
having acquired his ticket 
back in 1935. 

After graduation, I kind of 
lost touch with Willie, par¬ 
tially because the technical 
school folded, but mostly 
because I drifted away from 
ham radio. As I found out 
later, Willie went to work for 
one of the major aircraft 
manufacturers, migrating 
eventually to their radiation 
laboratory, designing and 
testing antennas, naturally. 



Fig. 1. Coax connections. 
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The Willie Wand Special. 
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Fig. 2. Detail of coax connection. 


About 33 years later, 
when I was just messing 
around with a 2-meter han¬ 
die-talkie, I flipped it over to 
5-2 simplex and there was 
Willie's unmistakable voice 
As a result of this accidental 
QSO, I became an enthu¬ 
siastic reborn ham-radio op¬ 
erator, acquiring the 
necessary equipment to get 
on 2 meters and chew the 
rag with Willie and his 
friends This was timely, 
however, since I retired 
shortly thereafter and was 
needing something to fill the 
8-hour-a-day void. 

One of Willie's daily rou¬ 
tines consists of getting on 2 
meters at precisely 8:00 am 
every (and I do mean every) 
morning to chew the rag 
with his lifetime friend Clar¬ 
ence W5FDP, who lives in 
Muskogee, Oklahoma. 
These morning sessions 
were (and are) quite infor¬ 
mative and entertaining. 
Quite a few hams just moni¬ 
tor these QSOs, reluctant to 
join in because of the long- 
winded transmissions, some 
sorely stretching the 10-min¬ 
ute ID time limit. In fact, 
they have their own exclu¬ 
sive simplex frequency since 
most of their transmissions 
would time-out just about 
any repeater. 

I gradually became a 
member of this "Social Se¬ 
curity" net. Initially, my 2- 
meter antenna system con¬ 
sisted of a well-known com¬ 
mercial collinear vertical 
(Willie called it an inverted 
ground rod). This worked 
fine for local QSOs, but 
sometimes it wouldn't quite 
hit Muskogee, about 40 
miles away. Finally, out of 
exasperation, Willie offered 
to build me a beam antenna. 
Knowing that anything Wil¬ 
lie built would be almost 
perfect, I accepted the offer 
before he had a chance to 
back out 

Naturally, thL; antenna 
became the main topic of 
quite a few 8:00-am SS nets, 
every aspect being thor¬ 
oughly reviewed by all par¬ 
ticipants. During one of 


these sessions, the matching 
network became one of the 
topics, most methods being 
thoroughly discussed. As a 
side note, Willie mentioned 
a matching technique that 
he had successfully used 
previously on a vertical an¬ 
tenna This caught my atten¬ 
tion, so I suggested that we 
try it out on my antenna. 
Willie jumped at the 
chance. 

Basically, this matching 
method consists of a series- 
fed driven element, with the 
coax cable entering the re¬ 
flector end of the boom, 
then going on into the driven 
element through a slot lo¬ 
cated in the center of the 
driven element (where it 
passes through the boom), 
continuing on out to an in¬ 
sulated gap on one end of 
the driven element. The 
coax shield is then con¬ 
nected to the boom side of 
the driven element while the 
coax center conductor 
passes through an insulator 
and then connects to the 
end stub (see Fig. 1). If the in¬ 
sulated gap is properly lo¬ 
cated, the impedance will 
be 50 Ohms —a perfect 
match. 

Willie decided that my 
antenna should consist of six 
elements with a fiberglass 
boom. After scrounging 
around, I managed to come 
up with enough '^-inch-di¬ 
ameter aluminum tubing for 
the directors and reflector 
The boom was to be con¬ 
structed of 1%-inch fiber¬ 
glass tubing (which Willie 
already had). To allow room 
for the coax cable and fit¬ 
ting, we decided to use %- 
inch aluminum tubing for 
the driven element (which 
Willie also had). 

After several more SS net 
sessions, most parties fa¬ 
vored using a hoodless PL- 
259 connector to terminate 
the coax cable (Willie's 
idea). With a little refine¬ 
ment in Willie's vertical mill 
(drill press), the PL-259 con¬ 
nector was turned down to 
be a snug fit in the end of the 
%-inch driven element. The 
fitting was then perma¬ 


nently fixed in place with a 
short setscrew, the hole 
drilled and tapped through 
both the tubing and the 
meaty part of the PL-259 
connector. Naturally, the 
coax cable was properly at¬ 
tached and strung through 
the boom and driven ele¬ 
ment before everything was 
connected permanently. 
RG-142 coax was used since 
it is small in diameter (ap¬ 
proximately the size of RG- 
58) and has a Teflon*dielec¬ 
tric. 

For attaching the PL-259 
center conductor, a brass 
bushing was likewise milled 
to the right size on the verti¬ 
cal mill, the hole in the bush¬ 
ing drilled out to fit the PL- 
259 pin. Again, a setscrew 
made this a permanent con¬ 
nection, the screw passing 
through the %-inch tubing 
and brass bushing and mak¬ 
ing contact with the PL-259 
center pin. Before this was 
assembled, however, a Tef¬ 
lon washer was slid onto the 
PL-259 center pin. providing 
an insulating barrier be¬ 
tween the two pieces of the 
driven element (see Fig. 2). 


The basic antenna design 
was acquired from the NBS 
Circular, Technical Notes 
For Yagi Antenna Design 
(NBS-TN-688). Willie didn't 
know where to place the 
feedpoint, so for the initial 
try we decided to try it ap¬ 
proximately % wavelength 
from the center—this being 
about 9% inches. 

Willie had the antenna as¬ 
sembled and ready for test¬ 
ing practically overnight (at 
least it seemed that way to 
me). As usual, he did an ex¬ 
ceptional job, the elements 
firmly attached to the 
boom, straight and spaced 
within ’4, inch of perfection. 
Next to come was the tuning 
and feedpoint adjustment. 

Now, Willie doesn't settle 
for measuring swr down to 
0.1 resolution. He has his 
own special swr meter which 
reads 2 to 1 at full scale. 
Added refinements include 
a dummy load, an attenua¬ 
tor, and calibration load re¬ 
sistors for exact calibration. 
With the dummy load and 
attenuator, measurements 
and tuning adjustments can 



Fig. 3. 
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Reflector and director material 

Driven-element material 

Boom material 

Boom length 

Reflector length 

First director length 

Second director length 

Third director length 

Fourth director length 

Director spacing 

Reflector spacing 

Driven-element total length 

Driven element, center to feedpoint 

Driven element, feedpoint to end 

Estimated gain 


%,-inch aluminum tubing 
^-inch aluminum tubing 
1-inch fiberglass tubing 
9 feet 

38,95 inches 

35.57 inches 
35.05 inches 
35.05 inches 

35.57 inches 
20.075 inches 
16.06 inches 
35.688 inches 
11.91 inches 
5.938 inches 
10.25 dB 


fable 1. Specs for 147-MHz, 6-element beam antenna. 


be accomplished without 
worrying about the transmit¬ 
ter mismatch 

The initial tuning and 
alignment session didn't pan 
out too well. The antenna 
was resonant at about 145 
MHz (target frequency was 
147 MHz), and the feedpoint 
impedance wasn't even 
close. After much trimming, 
we managed to get the 
length about right, but the 
feedpoint impedance was 
still off. The length of the 


driven element had to be re¬ 
duced to TS’Xt inches in or¬ 
der to achieve resonance at 
147 MHz. 

The next tuning session 
consisted of cutting short 
pieces off the end stub, reat¬ 
taching these pieces to the 
opposite end of the driven 
element (on the other side of 
the boom), then re-centering 
the whole element. This in 
effect moved the feedpoint 
out from the boom This 
continued for several ses¬ 



sions, the final result being a 
feedpoint 11% inches out 
from the center with a 
inch end stub. To achieve an 
swr which met Willie's ap¬ 
proval (1.03 to 1), pieces as 
short as inch had to be 
moved from the stub end to 
the opposite end. These 
pieces were later replaced 
with a single piece firmly at¬ 
tached by means of an in¬ 
side sleeve pinned in place 

Obviously, the feedpoint 
gap had to be covered some¬ 
how, desirably with some 
rigid insulating sleeve that 
would support the end stub. 
Here I was able to come up 
with a solution. A machinist 
friend made me a Teflon 
sleeve approximately 3 
inches long, 1 inch in diam¬ 
eter, and bored out to be a 
press fit onto the %-inch 
driven element. Properly 
greased with DC-4, this 
sleeve was forced into 
place. As a final touch, Wil¬ 
lie had two pretty red plastic 
caps that perfectly fit the 
ends of the driven element. 
Since this was to be a verti- 
cally polarized antenna 
(with the feed gap being on 
top), a hole was bored 
through the bottom cap to 
allow moisture to escape. 

The performance of this 
antenna was exceptional. 
When fed with 20 feet of 
coax, the swr was less than 2 
to 1 over a frequency range 
of 145 to 148 4 MHz, and 
less than 1.5 to 1 from 146 to 
147 9 MHz (see Fig. 3). This 
matching method should be 
very efficient (minimum 
connections), and it should 
be less susceptible to mois¬ 
ture since there are no reac¬ 
tive tuning components. 

I could hardly wait to get 
this Willie Wand Special an¬ 
tenna mounted on top of my 
house and hooked up to my 
rig. Willie kept prodding me, 
of course, asking me every 
day "When are you going to 
get that antenna up?" As 
quickly as possible, there¬ 
fore, I acquired a rotator, 
roof-mount tower, insulated 
mast (1 %-inch fiberglass tub¬ 
ing), rotator cable, and coax 
cable. Starting early one Sat¬ 


urday morning, I really got 
with it. By late afternoon, I 
had it all up and went into 
the house to give it a try. I 
just got through hooking it 
up to the rig and was trying 
out the rotator when the 
doorbell rang. Of course, 
there stood Willie with his 
head tilted back, admiring 
his Willie Wand Special. 

This antenna has proved 
to be every bit as good as 
Willie predicted. If anyone 
wants to copy it, however, 
be prepared to go through a 
similar adjustment proce¬ 
dure. You will, however, 
have the benefit of Willie's 
experience, starting with the 
feedpoint about 11% inches 
from the center (for a 147- 
MHz center frequency). See 
Table 1 for material and di¬ 
mensional specifications. 

Willie has since assem¬ 
bled a second version of this 
antenna for another of his 
SS net buddies, George 
W5KQD. As expected, it is 
not constructed exactly the 
same, the driven element 
being built out of y 8 -inch 
thin-wall copper pipe. The 
dimensions did, however, 
come out to be very similar 
to mine. 

The coax and coax fitting 
on George's antenna also 
are different, the coax being 
RG-115 (about the size of 
RG-8), and the coax fitting 
constructed out of a pipe-to- 
copper-tubing adaptor 
(again milled into shape by 
the vertical mill). Since this 
adaptor was brass, the coax 
shield was soldered directly 
to it, and the complete fit¬ 
ting was soldered to the 
driven element. A similar 
brass insert and Teflon 
washer were used to insulate 
and attach the coax center 
conductor to the outer stub. 
Again, a Teflon sleeve was 
used to insulate and add ri¬ 
gidity to the feedpoint gap. 

If you happen to be within 
a 40-mile radius of Tulsa be¬ 
tween the hours of 8 and 10 
am, give a listen on 146.46 
simplex. No doubt you will 
hear a strong signal being ra¬ 
diated from a Willie Wand 
Special! 
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COLLINS 
KWM-380 
,KEYBOARD 


ALL BAND TRAP 
“SLOPER"ANTENNAS! 



SWLS—HAMS 

CALL TODAY FOR ALL 
YOUR SWL & HAM NEEDS 

• RECEIVERS • ANTENNAS 

• TRANSCEIVERS • RTTY 

• PUBLICATIONS • SWL 

YAESU • KENWOOD • ICOM 

HARDIN ELECTRONICS 

5635 EAST ROSEDALE 
FORT WORTH, TEXAS 76112 

1-800-433-3203 

IN TEXAS 817-429-9761 
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MOVING? 

SUBSCRIPTION 

PROBLEM? 

Get help with your subscription by 
calling our new toll free number: 

1 - 800 - 227-5782 

between 9 a.m. and 5 p.m. EST, 
Monday-Friday. 

If possible, please have your mailing label 
in front of you as well as your cancelled 
check or credit card statement if you are 
having problems with payment. 

If moving, please give both your 
old address and new address. 


You read about it first 
in the New Products 
section of ham radio : 

"Many methods have been offered for 
learning Morse Code, some good and 
some not so good. This is a good one. 

-► Have you plateaued at 10 -13 WPM? 

MASTER the code in 40% less time. 
-► The method based on the scientific 
principles of Skill Acquisition and 
Perceptual Learning 

Adopted by the U.S. MILITARY 
as the new training standard 


Includes nu 
characters. 

imbers, punctuation, special 
and an aJJ new intro tape. 


IL res. add $1 sales fax (5%) 

Call_ 



City_ 

State Zip 


Mail to: TSG; PO Box 3897; Carbondale, IL 62902 
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.ONTESTS 


scoring multi-operator stations in each 
ARRL division and continent. Usual ARRL 


Robert Baker WB2GFE 
15 Windsor Dr. 

Atco NJ 08004 


Entries with more than 200 QSOs must in- cna5 * u 1 ^ ueuemoer jo 

postmarked by January 4th and addressed on the 28-MHz band using no more than 36 

06111. tening time counts as operating time! En- 

Certificates will be awarded the top- try categories include: single operator 


1985 RESULTS 

75-METER WORLD SSB CHAMPIONSHIP CONTEST 

Callsign. QTH. QSOs. multipliers, total score 
* ’World Champion ’State, Provincial, or Country Champior 


ice everyone seems to be forgetting. 


dressed to the magazine is only delayed 
d may not make the appropriate issue, 
is is especially important for overseas 
ail, which usually arrives at the last minute. 


the magazine on September 20th. 
sase mail early; don’t forget that I n 
few extra days to type everything, to* 
If you pick a contest date early in 
ar (even If you’re still deciding on rul 


Ip avoid overlapping and duplications 
not you’re sending more materials and 


ARRL 160-METER CONTEST 
Starts: 2200 UTC December 7 
Ends: 1600 UTC December 6 

The object is for amateurs worldwide to 


joints for DX QSOs. Multiply QSO points 
lum) and DXCC countries (W/VE stations 


DX Single Operator 
"NP4CC Puerto Rico 

* DF9ZP West Germany 
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3 W9EJ. 160-meter multi op runner up WOCEM. 
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John Edwards KI2U 5) The image orthicon Is 
PO Box 73 Vlde 





3) one unit high and three units wide FLFMFNT 9 4) A fluorescent light Is also called a Five points loi each correct answer 

4) three units high and live unit, wide _light «*»•«* 

2) lighting intensity Is olten measured in: TRUE-FALSE 5) Fadmo a plctule , s 3,50 ca |k, d -going Two ® n<1 one-halt points lor each correct 

II decibels True False to_" answer. 





















































ATELLITES 



























VK7—TASMANIA 


73 INTERNATIONAL 


ing. Conditions, as Greg sa 


Each month, 73 brings you 
ham-radio news from around the 
world. In this collection of re¬ 
ports from our foreign correspon¬ 
dents, we present the latest 
news in DX, contests, and events, 
as well as keep you abreast of 
the technical achievements of 
hams in other countries. 

If you would like to contribute 
to your country’s column, write 
to your country's correspondent 
or to 73 Magazine, Pine Street. 
Peterborough NH 03458, USA, 
Attn: International Editor. 


londay night at 1000 UTC. For an 


orning they had to 
ly VK7ZAY in Ho- 


multinational fishing fleets 



VK7RYS SOUND ADVICE 

wants an escort-CONDUCTOR t 
wants chocolate—FEEDER. . If sh 
poor cook—DISCHARGER If she 

too much —REDUCER If sfc 

wrong—RECTIFIER. If her views ai 
narrow—AMPLIFIER If she want 
much—RESISTOR- If she wan 

marry you-ELIMINATOR If sh 
»—CONVERTOR If she c 

to your home—RECEIVER If s 

missing—DETECTOR If she wor 

away—TRANSMITTER If her stay 

too tight-LOOSE COUPLER H 
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